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(54) Monitoring methods and devices for use therein 



(57) Methods, devices and test kits for monitoring 
the ovulation cycle, involve testing the body fluid, e.g. 
urinary, concentration of one or more analytes. Prefera- 
bly estrone-3-glucuronide and luteinizing hormone are 
both measured, and a reference concentration for E3G 



is established at about day 6 of the current cycle. Pref- 
erably, disposable testing devices are used, in conjunc- 
tion with a relatively permanent electronic reader/moni- 
tor. The number of "daily- tests required per month can 
be minimised. 
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OBJECTIVES OF THE INVENTION 

An objective of the present invention is to provide a system for monitoring the fertility status of an individual subject, 
which provides sufficient warning of the onset of the fertile phase to enable contraceptive advice to be given and which 
can be personalised to the individual subject, while being based solely on body fluid analyte measurements. The inherent 
unreliability, or limited usefulness, of other measuring systems (such as BBT) can thereby be avoided. A further objective 
is to avoid the use of average data obtained from population studies, with its inherent risk that in an individual subject, 
the parameter under test can fluctuate considerably from the population norm. 

Another objective of the invention is to provide a monitoring system which is "fail-safe", in terms of advising the user 
of the onset of the fertile phase, without denying the user of the benefits of a simple overall procedure and limited testing 
regime. 

A further objective is to provide the option of basing an effective monitoring system solely, or at least primarily, on 
the measurement of a single body fluid analyte, such as estradiol or a metabolite thereof. Other advantages of the 
invention will be apparent from the following description. 

Another objective of the invention is to provide a testing regime which is a good balance between the desire to 
minimise the testing burden on the user and the need to give the user worthwhile advice about the fertility status. 

Another objective of the present invention is to provide a method and devices for determining the presence and/or 
concentration of two or more analytes in a single sample liquid when at least one of the analytes is a multivalent analyte 
which is readily determined by means of two different specific binding agents in a "sandwich-format 0 complex, whereas 
another of the analytes is a monovalent analyte, such as a hapten, which is not amenable to determination via a sand- 
wich-reaction. 

It is a further objective of the invention to provide such a dual analyte assay method/device in which a particulate 
direct label is used to reveal the result of both assays. 

The use of particulate direct labels is already known in simpler assay systems. Sometimes the use of particulate 
direct labels enables the assay result to be evaluated easily by eye. This may also be the case in assays in accordance 
with the present invention, although it is envisaged that in general the results of the assays will more conveniently and 
effectively be evaluated instrumental^. 

A yet further object of the invention is to provide an assay method/device in which multiple analytes in a single 
sample liquid can be determined accurately in a strip-format assay device which is interpreted instrumentally using 
electromagnetic radiation (eg. light) passed through the thickness of the assay strip. The strip material can be translucent 
or transparent. The extent of binding of particle labels in a detection zone in the strip can provide a quantitative assay 
result, because the particles can block light or other radiation and therefore reduce the transmission of the radiation 
through the strip. 

Another objective of the invention is to produce improved combinations of assay result reading devices and asso- 
ciated sample testing devices which can provide accurate quantitative assay information in a simple, quick and cost-ef- 
fective manner. 

GENERAL DESCRIPTION OF THE INVENTION 

For the purposes of illustration only, the invention will be described in relation to the measurement of urinary analytes, 
and especially "E3G° (estrone-3-glucuronide) and "LH" (luteinizing hormone). 

In addition to estrone-3-glucuronide already mentioned, estradiol metabolites that can also be assayed for the pur- 
poses of the invention include estradiol-3-glucuronide, estradioI-17-glucuronide, estriol-3-glucuronide, estriol-16-glu- 
curonide and (principally for non-human subjects) estrone-3-sulphate. As will be appreciated from the following descrip- 
tion, the invention can readily be applied to data derived from the measurement of body fluid concentrations of other 
anaiytes of significance in relation to the status of the ovulation cycle. Generally, the most suitable analytes are hormones 
and their metabolites. Follicle stimulating hormone (FSH) is an example. Examples of alternative body fluids, which are 
relatively accessible, are saliva, crevicular fluid, sweat, sebum, tears and vaginal fluid. In principle internal fluids, such 
as blood, can be used but are generally not preferred because they can only be accessed by invasive techniques. 

The skilled reader will also appreciate that the body fluid "concentration" of the chosen analyte or analytes need 
not be measured in absolute terms, although this can of course be done if desired. Generally, it will be sufficient to assay 
an analyte in a manner which yields a signal, convertible to numerical data, related to the actual concentration, so that 
such data can be compared with similar data obtained at a different stage in the cycle to determine whether or not a 
significant change in actual concentration has occurred. Accordingly, where the specification and claims below refer to 
the "concentration" of an analyte, this expression should be interpreted broadly. 

In one aspect, the invention provides a test kit for use in monitoring the ovulation cycle of a female mammal, espe- 
cially a human, comprising a plurality of disposable testing devices for sampling and testing a body fluid, such as urine, 
and providing readable signals indicative of the concentrations of at least two analytes in the body fluid, said analytes 
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being of significance in relation to the fertility status of the ovulation cycle, together with an electronic reader/monitor for 
reading and interpreting said readable signals to provide the user with an indication of said fertility status, wherein: 

a) said readable signals are read while one of said testing devices is located within a receiving means of said 
5 reader/monitor, 

b) ,said readable signals are created by concentrating a first detectable material, preferably a labelled reagent, in a 
first detection zone of a porous carrier, such as a test strip, within said testing device and by concentrating a second 
detectable material, preferably a labelled reagent, in a second detection zone of said porous carrier, while said 

10 . sampled body fluid is flowing, e.g. by capillarity, through said porous carrier, said second detection zone preferably 
being downstream from said first detection zone relative to a receiving portion of said testing device which is con- 
tacted with said body fluid to initiate the test; 

c) said first detection zone signal is indicative of the body fluid concentration of a first analyte, preferably luteinizing 
is hormone (LH), which exhibits a significant concentration change closely associated with the time of actual ovulation; 

and 

d) said second detection zone signal is indicative of the body fluid concentration of a second analyte, preferably 
estradiol or a metabolite thereof such as estrone-3-glucuronide (E3G), which exhibits a significant concentration 

20 change in advance of the onset of the fertile phase of said ovulation cycle. . 

Preferably, said readable signals are read by optical transmission through said testing device. Ideally, to achieve 
this, the reader/monitor comprises: 

25 a) a source of diffuse light having a wavelength that is strongly absorbed by said detectable materials; 

b) sensing means to sense incident light from said source; 

c) means for receiving and holding said testing device with each of said detection zones in a light path between 
30 said source and said sensor; and 

d) electronic means connected to said sensing means, said electronic means being programmed to derive from 
sensed incident light a measure of the extent to which detectable material has become concentrated in each of said 
detection zones. 

35 

Preferably said readable signals are created by concentrating particle-labelled reagents in the respective detection 
zones. 

Preferably the test kit contains a sufficient plurality of disposable testing devices to enable a user to conduct testing 
on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. An important embodiment of the invention 
^0 is a replacement pack, containing a plurality, preferably not more than 12, and ideally 7 to 10, of disposable testing 
devices to replenish a test kit preferably plus instructions to the user to use all of said testing devices during the course 
of one ovulation cycle. 

The invention also provides a method of monitoring the human ovulation cycle, using a test kit as set forth above 
wherein testing is conducted at least once during the interval spanning days 1 to 7 inclusive calculated from the onset 

<5 of menses, to establish a reference concentration value or signaJ for said second analyte in the current cycle, said testing 
is temporarily ceased, and then testing is conducted at least once (preferably daily) during a period of days commencing 
at least 5, preferably at least 6, numerical days in advance of the mean numerical day on which actual ovulation has 
occurred over one or more previous ovulation cycles in the same individual subject, second analyte concentration values 
or signals obtained during said period of days being compared with the reference concentration value or signal to de- 

50 termine whether a concentration change indicative of imminent ovulation is occurring or has occurred since the previous 
test. As a preferred fail-safe feature, the start of the fertile phase is declared if the expected significant change in second 
analyte concentration has not been detected prior to at least 2, preferably at least 3, days before the numerical day in 
the current cycle on which actual ovulation is predicted to occur, based on knowledge derived from first analyte concen- 
tration measurements obtained in one or more previous cycles. 

55 More generally the invention provides a method of monitoring the fertility status of an individual female mammalian 

subject, involving testing of the body fluid concentration of an analyte, especially estradiol or a metabolite thereof, in 
which method said testing is conducted at least once during the interval spanning days 1 to 7 inclusive of the current 
cycle, to establish a reference concentration value or signal for the current cycle, and said testing is also conducted 
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later in the current cycle, following a temporary cessation, and the concentration value or signal then obtained is com- 
pared to the reference value or signal. 

An important aspect of the invention is a method of monitoring the current fertility status of an individual human 
female, involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the test result 

s with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovulation is 
present, wherein the reference value or signal for the current ovulation cycle is established by testing the body fluid 
concentration in the same individual at least once during the interval spanning days 1 to 7 inclusive of the current cycle. 

In a preferred embodiment the invention provides a method of monitoring the current fertility status of an individual 
female mammal, involving the detection in the change of a parameter indicative of imminent entry into the fertile phase, 

10 wherein the start of the fertile phase is declared if the parameter change expected has not been detected prior to at 
least 2, preferably at least 3, days before the numerical day in the current cycle on which actual ovulation is predicted 
to occur, based on knowledge gained in previous cycles in the same individual. For the purposes of predicting the 
ovulation day, the "mean ovulation day" procedure as set out hereinbelow can be used. This fail-safe declaration of the 
fertile phase can be combined to advantage with any of the cycle monitoring techniques described hereinbelow. 

is More particularly, the invention provides a method of monitoring the current fertility status of an individual human 

female, involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the test result 
with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovulation is 
present, wherein the reference value or signal for the current cycle is established by testing the body fluid concentration 
in the same individual at least once during the interval spanning days 4 to 7 inclusive, preferably on days 5 and/or 6, of 

20 the current cycle, testing is recommenced on day 9 of the current cycle and continued thereafter on at least a daily basis 
at least until a significantly elevated concentration is detected, and the status of the current cycle is declared to be fertile" 
for the interval commencing on the day of significantly elevated concentration detection and for at least the immediately 
successive 1 2 days or until evidence of cycle termination (e.g. commencement of menses) is obtained, whichever occurs 
earlier. As an optional refinement of this method, if a significantly elevated concentration is not detected on or before 

25 day 15, the cycle is declared •fertile 0 for the interval lasting for at least 14, preferably 15, days immediately following day 
15, or until evidence of cycle termination is obtained, if this occurs earlier. 

Another important aspect of the invention is a human contraception method, involving: 

a) testing the urinary concentration of estradiol or a metabolite thereof in the female partner at least once during 
30 the interval spanning days 4 to 7 inclusive, preferably on days 5 and/or 6, of the current cycle to establish a reference 

value or signal for the current cycle; 

b) testing the urinary concentration again on an at least daily basis commencing on day 9 of the current cycle and 
continuing until day 15 (preferably day 14) of the current cycle; and 

c) avoiding unprotected intercourse during the interval lasting for at least 12 days immediately following the day on 
which a significantly elevated urinary concentration is detected or, if a significantly elevated urinary concentration 
is not detected by day 1 5 {preferably day 1 4), avoiding unprotected intercourse during the interval lasting for at least 
14, preferably 15, days immediately following day 15 (preferably day 14), in either case the interval optionally being 

<o terminated earlier in the event of evidence of cycle termination (e.g. commencement of menses) being obtained. 

In a first embodiment, the invention provides a method of monitoring the fertility status of an individual female mam- 
malian subject, involving testing of the body fluid concentration of at least one analyte of significance in relation to the 
status of the ovulation cycle during the pre-ovulation phase, wherein testing for said analyte is conducted at least once 

45 during the interval spanning days 1 to 7 inclusive of the current cycle calculated from the onset of menses (day 1 being 
the day on which menstruation is first observed), to establish a reference concentration value or signal for said analyte 
in the current cycle, and thereafter testing is conducted at least once (generally repeatedly, e.g. daily) prior to a day on 
which ovulation is likely to occur during the cycle, analyte concentration values or signals obtained during said later or 
repeated testing being compared with the reference concentration value or signal to determine whether a concentration 

50 change indicative of imminent ovulation is occurring or has occurred since the previous test. 

In a preferred embodiment, the invention provides a method of monitoring the fertility status of an individual female 
subject, involving testing of the body fluid concentration of at least one analyte of significance in relation to the status 
of the ovulation cycle during the pre-ovulation phase, wherein testing for said analyte is conducted at least once during 
the interval spanning days 1 to 7 inclusive calculated from the onset of menses (day 1 being the day on which menstru- 

55 ation is first observed), to establish a reference concentration value or signal for said analyte in the current cycle, and 
then testing is conducted at least once (generally repeatedly, e.g. daily) during a period of days commencing at least 5, 
and more preferably at least 6, numerical days in advance of the mean numerical day on which actual ovulation has 
occurred over one or more previous ovulation cycles in the same individual subject, analyte concentration values or 
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signals obtained during said period of days being compared with the reference concentration value or signal to determine 
whether a concentration change indicative of imminent ovulation is occurring or has occurred since the previous test. 
Generally, the repeated testing need not be commenced earlier than about 9 days in advance of the mean ovulation day. 
Preferably, the concentration reference value is established from test(s) conducted during the interval spanning 
5 days 4 to 7 inclusive, more preferably from test(s) conducted on day 5 and/or day 6, and most preferably from a single 
test conducted on day 6. 

A significant change in analyte concentration indicative of imminent ovulation, particularly appropriate when the 
analyte is estradiol or a metabolite thereof, will generally be noted when the ratio of the reference concentration [r] to 
the test concentration [i] meets the following criteria: 

1.5* (0*2.5 

In particular, especially when the analyte is E3G and the reference value is established on day 6: 



is if the chosen assay format by means of which concentration data is obtained yields a signal which is inversely 

proportional to actual concentration, as may be the case in a competition assay, it will be appreciated by the skilled 
reader that the relationship between [i] and [r] signals will be the inverse of those given above. 

It is generally envisaged that there will be a gap of at least one day, and more usually several days, between es- 
tablishment of the concentration reference value and the commencement of repeated testing, during which gap no 

20 testing need be conducted. Thus, in the ideal situation, the user performs a single test at an early stage of thee cycle, 
eg on day 6, and several days later commences a relatively brief schedule of repeated, eg daily testing, which is termi- 
nated after sufficient information has been derived to identify the fertile phase, preferably including an indication of the 
end of the fertile phase in that cycle. Typically this termination of testing will be on the day of LH surge, or within a few 
days thereafter, so that the remainder of the cycle is test-free. 

25 Conveniently, the body fluid can be urine. A very suitable analyte is therefore estradiol or a metabolite thereof, such 

as estrone-3-glucuronide. 

Preferably, in one embodiment of the invention, the mean ovulation day is derived from data collected during at 
least 3, and more preferably at least 5, consecutive previous cycles. 

Ideally, the mean ovulation day used to calculate the time interval for the purposes of the current cycle is derived 
30 from data obtained during at least the immediately preceding cycle. 

A particularly convenient method involves the determination of the mean ovulation day from data obtained from a 
•rolling" reference base consisting of a fixed number of consecutive cycles immediately preceding the current cycle. 
Preferably this rolling reference base consists of the immediately preceding 3 to 12 cycles, more preferably the imme- 
diately preceding 5 or 6 cycles. By having such a rolling reference base, any progressive ■drift" in the occurrence of 
35 ovulation in the individual concerned can be picked up and accounted for in the allocation of the next repeated testing 
commencement day. 

The invention includes a test kit comprising one or more testing devices for determining the concentration (in relative 
or absolute terms) of said at least one analyte in said body fluid, together with instructions advising the user to commence 
said testing during said time interval, and means enabling a user to derive said time interval and/or a precise testing 
40 commencement day from knowledge of the numerical day on which actual ovulation occurred during at least one previous 
ovulation cycle of the user. 

Another independent aspect of the invention, which may nevertheless be combined to advantage with any method 
as set forth above, involves: 



4$ a) providing the user with a plurality of disposable body fluid testing devices, said plurality preferably being at least 

7, but preferably not greater than 1 2; and 

b) directing the user to use all of said provided testing devices during a single ovulation cycle, in accordance with 
a predetermined testing schedule, irrespective of whether an indication of imminent ovulation has been obtained 
50 before ail of said provided testing devices have been used. 

Preferably, the user is directed to perform one test on day 6, and to use all of the remaining testing devices on a 
daily basis during the repeated testing period. 

The invention also provides a kit for use in any of the methods as set forth above, comprising a plurality of disposable 
55 body fluid testing devices, together with means for reading and interpreting the results of tests performed using said 
testing devices. 

The invention also encompasses a replenishment pack of disposable body fluid testing devices for use in any of 
the methods as set forth above, with directions to the user to use all of said contained disposable testing devices during 
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the course of a single ovulation cycle. Preferably the pack contains not more than 12 testing devices, more preferably 
at least 7 but not more than 10 devices. 

By requiring the user to use all of a numerically-small single batch or set of disposable testing devices per cycle, 
there are advantages both for the user and for the manufacturer of the devices. The user benefits because the •monthly 0 

5 testing schedule is simplified - there is no need for a decision to be taken on when to stop the repeated testing, or about 
using up during subsequent cycles testing devices left over from earlier cycles. For the manufacturer, there is assurance 
that data for each cycle is derived from a single batch of testing devices, thus eliminating problems of standardisation 
that might otherwise arise, and reducing the complexity of any monitor required to interpret the test data. No activity by 
the user is required to ensure calibration of the assays. The disposable testing devices can be supplied in standard 

10 "monthly" replenishment packs, streamlining the packaging operation. Because the problem of 'leftover* testing devices 
is eliminated, one possible cause for customer enquiries is also avoided. 

An advantage of the methods of the present invention is that effective monitoring of the ovulation cycle can be 
achieved using data derived solely from the measurement of body fluid analyte concentration(s). It is unnecessary to 
combine this data with other parameters. In particular, there is no need to supplement this data with routine measurement 

is of basal body temperature. 

By adopting a concentration reference value from data in the early part of the current cycle, the methods of the 
invention avoid the need for calibration and ensure that the base-line reference is persona! to the subject under test. 
This leads to a clearer indication of the significant pre-ovulation concentration change, compared to previously proposed 
methods based on day-to-day measurements. 

20 The analyte chosen for providing the warning of imminent ovulation is not critical to the invention, provided that the 

analyte exhibits a detectable concentration change within the time interval between the commencement of testing (as 
determined herein) and a safe time in advance of actual ovulation in the current cycle. 

The invention can be applied in any method of monitoring the status of a current ovulation cycle of an individual 
human female subject involving the measurement of a body fluid analyte of significance in relation to the status of 

25 ovulation cycle and which exhibits a detectable change during the pre-ovulation phase of the cycle occurring at least 2 
and more preferably at least 3 days in advance of the day of actual ovulation. 

The following description is provided, by way of example only, in relation to the urinary hormones E3G, luteinizing 
hormone (LH), and pregnanediol-3-glucuronide (P3G), although it will be readily appreciated that the principles of the 
method can be used in relation to other biochemical markers, for example the hormones estradiol and progesterone, 

30 found for example in the blood or in saliva. The method of the invention may be used in combination with observations 
of other physiological signs of the level of fertility in a female, of which she is aware, or can readily be made aware of, 
e.g. markers in other body fluids. 

Ovulation day can be determined by any of the known chemical or physiological parameters, although a preferred 
method is by measuring the level of LH. Once the LH surge has been detected, it can be said that ovulation is imminent. 

35 Also, the day of the cycle on which ovulation has occurred can be noted for future reference. If the LH surge is detected, 
and hence the day of ovulation accurately pinpointed, it can be indicated to the user with a very high degree of certainty 
that the subject will no longer be fertile four days hence (3 days after ovulation). For practical purposes, a urinary LH 
concentration of 20 mlU/ml can be regarded as a universal threshold indicative of the LH surge under virtually all cir- 
cumstances. 

40 The expression "LH surge" is used herein to mean the dramatic rise in LH concentration that precedes the event 

of ovulation. In the art, reference is made also to "LH max", i.e. the peak concentration of LH. In the majority of individuals, 
these are for all practical purposes simultaneous, when the cycle is monitored on a day-by-day basis. However, in a few 
individuals, perhaps 20% of the population, the actual peak concentration of LH is not observed until the day following 
the main concentration rise. For the purposes of the invention, we prefer to use the observable rise as the critical pa- 

45 rameter. 

Alternatively, or in addition, the end of the fertile phase can be declared on the basis of knowledge of the estradiol 
(or metabolite thereof) concentration, in the current cycle. Conveniently, this may be declared on a set day following a 
peak concentration value. Because the peak concentration of urinary E3G, for example, appears to be a less readily 
detectable event than the LH surge, the E3G "peak" may be defined by reference to a threshold value, determined for 
so example by the relationship 

jj| > 2.5, preferably £ 3 

the "peak" being taken to occur on the day when this relationship is first satisfied during the testing regime adopted in 
the current cycle. The inverse relationship will apply if the E3G signal in inversely proportional to actual concentration. 
55 in some instances this may be the same day as the significant E3G rise indicative of imminent ovulation is detected. 
When the E3G "peak" has been detected, the fertile phase can be assumed to end on the sixth, or more safely the 
seventh or eighth, day later. In this embodiment, the invention provides the option of a method of monitoring fertility in 
the current cycle based solely on data derived from estradiol/metabolite assays. For the purposes of a fail-safe procedure, 
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based on knowledge of the ovulation day in previous cycles, the E3G peak can be used, as this typically occurs about 
1 day in advance of actual ovulation. 

Another method for predicting the end of the fertile period (though not so accurately the day of ovulation) is to 
measure the levels of the urinary hormone P3G. P3G has a relatively low level in urine until the start of the luteal phase, 

5 at which point its level rises fairly sharply Therefore, once an elevated level of P3G is detected, it can be indicated to 
the user that the luteal phase of the cycle - ie. the terminal infertile period - has commenced. An elevated level of urinary 
P3G can be based on data taken during the current and/or one or more preceding cycles. An "elevated" P3G level can 
be recorded, for example, when either the level of P3G detected is greater than the sum of the four previous recorded 
levels of P3G in the same menstrual cycle, or greater than 3500 ng/ml, whichever of these two thresholds is lower and 

10 is first achieved. Once an "elevated" P3G level is recorded, the subject can be advised that she is infertile for the re- 
mainder of that cycle. 

If desired, the detection of either LH or P3G can be used as a trigger to indicate that the subject is no longer fertile 
until the end of the cycle, with one hormone acting as a "back up" to the other. However, it is preferred that the detection 
of LH be used as a primary indicator of whether ovulation' has or is about to occur, since the detection of LH lends itself 

15 to more accurate determination of the exact ovulation day than the use of P3G. 

Methods of detecting body fluid analytes, such as urinary hormone metabolites, suitable for the purposes of this 
method, are well known to those skilled in the art. In a preferred embodiment, the analyte is detected by assay methods 
and devices as described in UK patent GB 2204398 and European patent application EP-A-383619. 

Where the method of the invention relies on measurement of a urine component, this must be done on a urine 

20 sample. A variety of immunoassay techniques are available which enable urine components to be measured. A wide 
variety of solid phase testing devices such as dipsticks and chromatographic strips have been described in the literature, 
and can readily be adapted for use in determining urinary analytes. The device should at least be capable of indicating 
relative levels of analyte, eg. E3G, in threshold bands. Examples of simple assay technology that can readily be adapted 
for use in the home is described, for example, in EP-A-225054, EP-A-183442, EP-A-186799 and EP-A-291194. Dis- 

25 posable assay strips such as those described in EP-A-291 194 which simply require to be contacted with urine and which 
provide an assay result in semi-qualitative form, eg. by means of a series of test zones on the strip which are progressively 
positive at higher urinary analyte levels, can be used. Multiple strips that respond at different analyte thresholds can be 
used, rather than a single strip. Alternatively, a visually readable quantitative assay can be based on progression of a 
visible, eg; coloured, region or "front" over a surface (eg. radial diffusion), using for example an enzyme-labelled assay. 

30 in a more sophisticated embodiment of the invention, a recording device is provided which incorporates means for 

reading the result of the urine assay, e.g. by measuring the absorbance by or fluorescence from an assay strip. This 
may enable a more precise numerical indication to be given of the analyte level, and further enhance the accuracy of 
the method. 

In an embodiment of the invention in which two or more analytes are measured simultaneously, such measurement 
35 can if desired be performed using a single body fluid testing device, eg. a device incorporating multiple assay strips, or 
a single strip capable of independently detecting the level of the different analytes. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY FORMAT 

40 In one embodiment, this aspect of the invention relates particularly to strip-format assays for the determination of 

monovalent analytes such as haptens. 

In another embodiment, the invention relates in particular to improved assays in which two or more analytes are 
determined simultaneously in the same sample. 

When an assay is intended to detect the presence and/or amount of just one analyte in a sample liquid, it is relatively 

45 easy to configure the assay conditions to achieve this result and to eliminate the effect of other components that may 
be present in the sample. However, when it is desired to use a single assay device to determine more than one different 
analyte in the same sample liquid the task of "balancing" the conditions to ensure that the separate assay reactions 
proceed efficiently and effectively is much more difficult, especially in a strip-format assay. 

In another embodiment, the invention provides a strip-format assay for a monovalent analyte (hapten) using a par- 

50 ticulate direct label to reveal the assay result, in which assay the particulate label bears an antibody specific for the 
monovalent analyte and the detection zone of the strip contains immobilised analyte or an analogue thereof. Each label 
particle carries a multiplicity of identical antibody molecules. As a reagent, the antibody-bearing particles can be stand- 
ardised during manufacture (ie. during application of antibodies to the particles) to ensure that within a given batch the 
loading of active antibody is constant. The concentration of analyte or analyte analogue in the detection zone should 

55 be in excess of the effective concentration (molar concentration) of antibody on the particles. It is not essential to have 
a constant antibody loading on each particle, because the number of particles can be varied. The quantity of particle-la- 
belled antibody available in the assay should be in excess, relative to the anticipate analyte concentration in the sample. 
These levels can be adjusted by experimentation so that the presence of free analyte in the sample liquid leads to a 
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significant level of binding of the free analyte to the antibodies on the particles and therefore significantly inhibits the 
possible binding of the particle label to the immobilised analyte/analogue in the detection zone. The principle behind 
the assay is that on the average particle there is a sufficient number of active antibody molecules to ensure binding of 
the particle in the detection zone, but that nevertheless the presence of analyte in the sample has a limiting effect on 

s this binding. The extent to which the particles become bound in the detection zone is therefore inversely proportional 
to the concentration of analyte in the sample liquid. In a strip-format assay, the particle labelled antibody is placed 
upstream from the detection zone so that applied liquid sample encounters the particle labelled material and carries it 
to the detection zone. In this assay configuration it is necessary to ensure that the potential reaction between the free 
analyte and the particle-labelled antibody is at least substantially complete before these reagents reach the detection 

10 zone. The extent to which the particles bind to the immobilised analyte/analogue in the detection zone is therefore 
dependent on the residual uncomplexed antibody remaining on the particles. It is necessary to ensure that the concen- 
tration of immobilised analyte/analogue in the detection zone is high, to promote efficient capture of the particles as they 
pass through this zone. In order to enhance the efficiency of the previous binding of the particle-labelled antibody to free 
analyte in the sample liquid, it is very desirable that the antibody on the particles should have a very high affinity for the 

is analyte. This affinity is preferably at least about 10 9 ' and more preferably at least about 10 10 , litres/mole. The use of 
such high affinity antibodies ensures efficient capture of the free analyte by the particles, and moreover ensures that 
under assay conditions, once an analyte molecule has become bound to an antibody on the particle, it is very unlikely 
to be released or interchanged with an immobilised analyte/analogue molecule as the particle passes through the de- 
tection zone. 

20 The general principles of the invention as set forth above apply also in an assay which is intended to determine two 

or more analytes, at least one of them being monovalent. 

In one embodiment, the invention provides a method of determining the presence and/or concentration of two or 
more analytes in a single sample liquid, such as a urine sample, at least one of said analytes being determinable by 
means of a sandwich-format binding reaction involving two binding reagents specific for different epitopes on said analyte 

25 and at least one other of said analytes being a hapten (and therefore not determinable readily by means of a sand- 
wich-format binding reaction), which method comprises the steps of: 



a) providing a device comprising a strip of porous material along which said sample liquid can migrate, the strip 
having two or more spacially distinct detection zones (at least one per analyte to be determined) located downstream 
30 from the site of sample liquid addition to said strip, of which zones: 



i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 
or a specific binding agent which can capture a sandwich-format complex including said first analyte, and 

3S ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 

thereof; 



b) providing two or more populations of particles capable of migrating through said strip with said sample liquid, of 
which populations: 

40 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
binding agent which can participate in a sandwich-format reaction with said first analyte, and 

ii) at least one population other carries a binding agent specific for said hapten; and 

45 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said sample 
liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of particles in said 
at least one detection zone in an amount directly proportional to the concentration of said first analyte in said sample 
liquid, and the presence of said hapten in said sample liquid leading to a reduction in binding of particles of said at 

so least one other population in said other detection zone in an amount directly proportional to the concentration of 

said hapten in said sample liquid, the detection zone containing the immobilised hapten or immobilised hapten 
analogue being preferably sited downstream from the detection zone associated with the first analyte. 



An example of the first analyte is luteinizing hormone (LH). An example of the second analyte is estradiol or a 
55 metabolite thereof, such as estrone-3-glucuronide (E3G). 

Preferably the particles are latex particles, which may be coloured. 

Most preferably the affinity of the anti-hapten specific binding agent is at least about 10 9 , preferably about 10 10 , 
litres/mole. 
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Preferably the extent of particle binding in each of said detection zones is determined by measuring the extinction 
of electromagnetic radiation, such as light, when transmitted through the thickness of said strip. 

The invention also provides an assay device for use in the determination of two or more analytes in a single sample 
liquid, at least one of said analytes being determinable by means of a sandwich -format binding reaction involving two 
5 binding reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten 
(and therefore not determinable readily by means of a sandwich-format binding reaction), the device comprising, pref- 
erably within a protective casing: 

a) a strip of porous material along which sample liquid can migrate; 

10 

b) two or more detection zones (at least one per analyte to be determined) on said strip, located downstream from 
the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 
75 or a specific binding agent which can capture a sandwich -format complex including said first analyte, and 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof: 

20 c) two or more populations of particles, located upstream from said detection zones, capable of migrating through 

said strip with said sample liquid, of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
binding agent also present in the device and which can participate in a sandwich-format reaction with said first 

25 analyte, and 

ii) at least one other population carries a binding agent specific for said hapten; 

the presence of said first analyte in said sample liquid leading to bindingof particles in said at least one detection zone 

30 in an amount directly proportional to the concentration of said first analyte in said sample liquid, and the presence of 
said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other population in 
said other detection zone in an amount directly proportional to the concentration of said hapten in said sample liquid, 
the detection zone containing the immobilised hapten or immobilised hapten analogue being preferably sited down- 
stream from the detection zone associated with the first analyte. 

35 Preferably the strip material is at least translucent through its thickness. An ideal strip material is nitrocellulose. 

Because the assay for the hapten is not a competition reaction in which there is the possibility of free interchange 
between analyte in the sample and analyte provided as a reagent in the assay (in this case the analyte/analogue im- 
mobilised on the strip) it is essential that during the course of the assay sufficient opportunity is provided for the analyte 
in the sample to become bound to the antibody bearing particles before these particles encounter the relevant detection 

40 zone on the strip. To ensure this it is desirable that there is a comparatively long contact time between the particulate 
reagent and the sample. Accordingly within the limits of acceptable physical geometry of the assay device the detection 
zone containing the immobilised analyte/analogue should be as far downstream from the source of the particle labelled 
reagent as possible. In particular, where the assay device is intended to determine two or more analytes in the same 
sample liquid and at least one of the other analytes is determined by means of a sandwich-format reaction, the detection 

45 zone for the hapten should ideally be downstream from the detection zone or zones involved in the sandwich-format 
assays. 

A particular embodiment of the invention is therefore a dual analyte strip format assay for determining LH and E3G 
in an applied urine sample in which the two assay results are detected in specially distinct detection zones on the strip 
and the E3G zone is downstream from the LH detection zone relative to the site of sample liquid application. 

so Assay devices comprising a strip of porous material along which liquid such as an applied sample can migrate by 

diffusion or capillarity to bring one or more assay reagents to a small detection zone in the strip, are now widely used 
for the qualitative and semi-quantitative analysis of analytes which can be detected by means of solid-phase sandwich 
assays. When direct labels, such as gold sols and coloured latex particles are employed, such assays can reveal the 
result in a form easily readable by the human eye. The result is effected by concentrating the detectable material in the 

ss comparatively small region of the porous carrier material. 

In one embodiment, the invention provides a quantitative strip-formay assay in which the assay result is revealed 
by binding in a detection zone a labelled reagent possessing multiple active binding sites specific for the analyte under 
test. The label is a detectable micro-particle, such as a (coloured) latex particle, metallic (e.g. gold) sold, dye sol, or 



10 



EP 0 703 454 A1 



non-metallic elemental (e.g. carbon, selenium) particle, ot a size sufficiently small to permit migration through the porous 
strip material but sufficiently large to permit the formation of a detectable end-result when the labelled material is con- 
centrated in the detection zone. Particulate labels of the types already used in strip-format sandwich assays are ideal. 
In a typical assay according to the invention, the multiple active specific binding sites in the labelled reagent are 
5 provided by having a multiplicity of identical antibodies, preferably monospecific (eg monoclonal) antibodies, attached 
to each label particle. 

Contrary to expectation, we have found that especially in a hapten assay the use of particulate labels possessing 
multiple identical active analyte-specific binding sites leads to a valuable increase in sensitivity. We believe that the 
excess binding sites on the label particle allows effective binding of the particle in the hapten-bearing detection zone. 

10 However, perhaps because of the geometry of the system, which may be visualised as a planar detection zone surface 
and a more-or-less spherical label particle, the prior binding of merely a relatively small amount of hapten analyte from 
a sample to the curved surface of the label particle causes a degree of inhibition of binding of the label particle in the 
detection zone sufficient to influence the binding and cause a detectable effect. 

We believe that it is highly desirable that once an analyte molecule has become specifically bound to the label 

15 particle, it should remain so bound throughout the remainder of the assay protocol leading to the formation of the de- 
tectable assay result in the detection zone. One way of achieving this is by using a specific binding agent in the labelled 
reagent which has a very high affinity for the analyte. It is now conventional to use monoclonal antibodies having ana- 
lyte-affinities of 1 0 8 . We have found it advantageous to use, in the context of a strip-format hapten assay, labelled specific 
binding agents having analyte-affinities of at least about 10 9 and more preferably of at least about 10 10 , litres/moles. A 

20 good method for measuring affinity in solution is described in Friguet et al, J. Immunol Methods , Vol 77 (1 985) pages 
305-319. Monoclonal antibodies having such high affinities can be raised in the conventional manner and identified by 
normal selection procedures. Although it is desirable to use antibodies which exhibit high affinity in solution, this is not 
the only way of achieving this aspect of the invention. It is occasionally observed that an antibody that exhibits compar- 
atively low affinity in solution can be transformed in its effective properties when immobilised on a solid phase. 

25 An important embodiment of the invention is a quantitative strip-format assay for human body fluid analytes, espe- 

cially haptens. A particular example is such an assay for estradiol or a metabolite thereof, such as estrone-3-glucuronide 
(E3G). An especially important embodiment of the invention is a strip-formay assay for urinary E3G which is capable of 
quantitatively determining the E3G over a concentration range of 5-60 ng/ml urine. Such an assay is particularly well 
suited for use in a procedure intended to provide a user with an awareness of the fertility status of an ovulation cycle, 

30 the body fluid concentration of estradiol or a metabolite thereof being recognised as a useful indicator of such status. 
If desired, an assay device according to the invention, as set forth above, can additionally include the ability to 
determine other analytes in the same sample, if appropriate by employing conventional sandwich assay technology. For 
example, one embodiment of the invention is a strip-format assay device which can provide a quantitative determination 
of urinary E3G, as set forth above, and simultaneously a quantitative determination of urinary luteinizing hormone (LH) 

35 by means of a sandwich assay procedure, the E3G and LH results being revealed in two separate detection zones. 
Conveniently, in such a combined assay, the label can be the same for each assay, although the skilled reader will of 
course appreciate that two populations of label particles would normally be required, one carrying multiple binding sites 
for the E3G and the other carrying a specific binding material for the LH. The E3G detection zone will contain immobilised 
E3G or an analogue thereof, and the LH detection zone will contain immobilised specific binding material, such as an 

40 anti-LH antibody. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY RESULT READING SYSTEM 

This aspect of the present invention relates to devices for reading the results of assays, and to assay devices for 
45 use in conjunction with reading devices. 

Home-use assay devices such as pregnancy tests are now well established. In the case of a pregnancy test, which 
merely needs to provide the user with a yes/r\o m result, the technology now available enables the assay result to be 
read easily by eye without the need for any ancillary equipment. 

Home-use assays are intended primarily to detect physiological changes in the human body, with the objective of 
50 promoting the health, general well-being or lifestyle of the individual. The consumer is becoming increasingly health 
conscious, and the ability of the consumer to monitor his or her bodily functions is being encouraged. In some instances 
this can facilitate the interaction between the individual consumer and the medical profession (GP). 

There are many assays indicative of physiological changes in the human body which currently can only be performed 
using sophisticated laboratory techniques. In order to provide useful information concerning the individual under test, 
55 such assays generally need to yield a result in precise numerical terms, eg. the concentration of a specific analyte in a 
body fluid. 

Accordingly there is a need for an assay system, especially applicable to the testing of body fluid samples in the 
home, which combines convenience of sample testing together with simple and cost-effective numerical determination 
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of the assay result. 

Many assay devices are described in the technical literature with suggestions that the assay result can be read 
using optical equipment. The use of fluorescence emission, or light reflectance, is often suggested. Such techniques 
are mostly appropriate for use in sophisticated laboratories. In EP-A2-212599, which describes multizone analytical 
5 elements having a detectable signal concentrating zone, the suggestion is made that a detectable signal indicative of 
an assay result in the zone can be measured by electromagnetic radiation, such as light, transmitted through the zone. 
EP-A2-21 2599 indicates that the element can be made from porous fibrous materials, such as paper and nitrocellulose. 
However, no practical details are provided to indicate how an accurate measurement might be made using transmitted 
light. 

10 We have found that quantitative information can be derived by transmission reading of an assay strip or the like if 

the incident electromagnetic radiation is uniform across a region of the test strip which encompasses and extends beyond 
the test zone. 

In one embodiment, the invention provides a method of "reading" the result of an assay effected by concentrating 
a detectable material in a comparatively small zone of a carrier in the form of a strip, sheet or layer through the thickness 

is of which electromagnetic radiation, such as light, is transmissible, wherein at least a portion of one face of said carrier 
is exposed to incident electromagnetic radiation which is substantially uniform across the entire portion, said portion 
including said zone, and electromagnetic radiation emerging from the opposite face of said carrier is measured to de- 
termine said assay result. 

Preferably, the incident electromagnetic radiation is of substantially uniform intensity. 

20 This uniformity can be achieved, for example, by providing a colu mated source of electromagnetic radiation, using 

conventional focusing means such as lenses and light guides to provide parallel incident electromagnetic radiation which 
falls essentially normally across the entire exposed portion of the carrier. 

However, in a more preferred embodiment of the invention, the incident electromagnetic radiation is diffuse and 
bathes the exposed portion of the carrier uniformly in a randomly scattered manner. 

25 in another embodiment, the invention provides an assay device comprising a porous liquid-permeable carrier strip 

or sheet through the thickness of which electromagnetic radiation is transmissible diffusely, said carrier being within a 
casing, said carrier including at least one detection zone in which an assay result is revealed by specific binding of a 
detectable material directly or indirectly to a binding agent immobilised in said detection zone, detection of said material 
being effected as a response to said electromagnetic radiation, and said casing having electromagnetic radiation trans- 

30 mining regions enabling electromagnetic energy from an external source to be passed th rough said device, said detection 
zone lying in the electromagnetic radiation path between said electromagnetic radiation transmitting regions. 

Preferably, the porous carrier strip or sheet comprises paper, nitrocellulose or the like, preferably of a thickness not 
exceeding 1 mm. 

In yet another embodiment, the invention provides an assay device and assay result reader combination, wherein: 

35 

a) said device comprises a porous liquid-permeable carrier strip or sheet through the thickness of which electro- 
magnetic radiation is transmissible diffusely, said carrier preferably being within a casing or cover, said carrier includ- 
ing at least one detection zone in which an assay result is revealed by specific binding of a detectable material 
directly or indirectly to a binding agent immobilised in said detection zone; 

40 

b) said casing or cover, if present, has electromagnetic radiation transmitting regions enabling electromagnetic 
radiation from an external source to be passed through said device, said detection zone lying in a path between 
said transmitting regions; 

45 c) said assay result reader has receiving means for receiving at least a portion of said device, said portion including 

said detection zone to present said detection zone to reading means, said reading means incorporating a source 
of uniform electromagnetic radiation and one or more sensors located such that upon insertion of said device into 
said receiving means, electromagnetic radiation can be passed through said device and the intensity of electro- 
magnetic radiation emerging from said device can be detected by said sensor(s). 

so 

Preferably, said receiving means incorporates interlocking means engagable with corresponding interlocking means 
on said device to ensure that upon receipt of said device by said reader said detection zone(s) is located and maintained 
in a predetermined spacial relationship relative to said reading means. 

Preferably, said receiving means includes actuating means triggered by said receipt of said device, said actuating 
55 means causing said reading of said detection zone(s) to be initiated. 

If the assay device is provided with a casing, it is advantageous if said device casing includes internal registration 
means which engages with corresponding registration means associated with said carrier such that said detection zone 
within said device casing is located in a predetermined spacial relationship relative to said registration means on said 
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device casing. Preferably, said internal registration means comprises a pin or the like, engagable with a hole, indentation 
of the like in said carrier, said detection zone being at a predetermined location on said carrier relative to said hole or 
indentation. 

During manufacture of said assay device, said corresponding registration means may be used to facilitate or control 
5 accurate formation, e.g. by means of reagent printing techniques, of said detection zone on said carrier. In addition, or 
alternatively, accurate placement of said carrier within said device casing can be facilitated or controlled by said regis- 
tration. 

In a further embodiment, the invention provides an assay result reader, for use in conjunction with an assay device 
comprising a porous liquid-permeable carrier strip or sheet through the thickness of which electromagnetic radiation is 
10 transmissible, said carrier including a detection zone in which an assay result is revealed by specific binding of a de- 
tectable material directly or indirectly to a binding agent immobilised in said detection zone, detection of said material 
being effected as a response to said electromagnetic radiation, said assay result reader comprising: 

a) receiving means for receiving at least a portion of said assay device, said portion including said detection zone; 

15 

b) reading means associated with said receiving means, said reading means comprising: 

i) at least one source of uniform diffuse (preferably electromagnetic radiation; and 

20 ij) one or more sensors capable of detecting the intensity of said electromagnetic radiation; 

said source and said sensor(s) being positioned such that when said portion of said assay device is received within said 
receiving means, said detection zone is disposed in a path between said source and said sensor(s). 

The assay device/reader combination can be supplied to the consumer as a single test kit. In general however, 

2S :whereas the reader will be a relatively permanent unit which the consumer can use time and again (and which may be 
provided with an electronic memory/data-processing facility which enables the results of many sequential assays to be 
evaluated) the testing devices will be intended for use only once and thereafter will be discarded. Accordingly, the test 
devices may be supplied to the consumer separately from the reader, e.g. in multi-packs. 

By ensuring precise interlocking between the testing device and the reader, and also ensuring precise registration 

30 of the location of the detection zone within the testing device itself, the testing zone will be presented to the reader in a 
constant p re-determined position every time a testing device is inserted into the reader. The construction of the optical 
system within the reader (light source and sensors) can therefore be kept as simple as possible, because it is not 
essential for the sensors to include any scanning facility, for example, which would otherwise be required if the exact 
location of the detection zone was not known. By avoiding the need for a sophisticated optical reading system, the cost 

35 of the reader/monitor may be reduced. Simplification of the optical reading system may also enable the reader/monitor 
to be of small size which will assist convenient and unobtrusive use in the home. Of course, a scanning facility can be 
included in the reader if desired. 

An additional benefit of providing an internal registration system which ensures precise location of the detection 
zone within the test device, is that automated manufacture and quality control of the testing devices can be facilitated. 

40 Because it is envisaged, for example, in the case of an ovulation cycle monitor, that the consumer will need to use 
several testing devices each month, the testing devices may need to be manufactured in large numbers at low cost. 
Internal registration can facilitate automated manufacture and high throughput. 

In principle, any electromagnetic radiation can be used to effect the transmission measurement in the invention. 
The electromagnetic radiation should preferably be capable of being rendered diffuse. Preferably the electromagnetic 

45 radiation is light in the visible or near-visible range. This includes infra-red light and ultra-violet light. It is generally 
envisaged that the detectable material used as a label in the assay is one which will interact with light in the visible or 
near visible range, eg. by absorption. The wavelength of the electromagnetic radiation chosen is preferably at or near 
a wavelength which is strongly influenced, eg. absorbed, by the label. For example, if the label is a substance which is 
strongly coloured, ie. visible to the naked human eye when the material is concentrated, the ideal electromagnetic 

so radiation is light of a complementary wavelength. Particulate direct labels, for example, metallic (eg. gold) sols, non-me- 
tallic elemental (e.g. Selenium, carbon) sols, dye sols and coloured latex (polystyrene) particles are ideal examples. For 
instance, in the case of blue-dyed latex particles, the ideal electromagnetic radiation is visible red light which will be 
strongly absorbed by the blue particles. 

In a preferred embodiment of the invention, the transmitted electromagnetic radiation reaching the sensor(s) should 

55 be diffuse. The diffuseness may arise as a consequence of transmission of the electromagnetic radiation through the 
carrier strip or sheet, but more preferably Is contributed by the source of the electromagnetic radiation emitting the energy 
in a highly diffuse form. In a preferred embodiment of the invention the source produces highly diffuse radiation and the 
carrier strip or sheet through which this radiation subsequently is transmitted is in comparative terms a much weaker 
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diffuse r. 

A primary advantage of the use of diffuse light or other radiation in the context of the invention is that the reading 
of the assay result is much less likely to be adversely influenced by blemishes or contaminating material on the assay 
device. For example, dirt or scratches on the assay device in the region through which the radiation must be transmitted 

5 could strongly interfere with the accuracy of the determined result if focused rather than diffuse light is used. By the use 
of a diffuse light source in accordance with the invention, it is possible to provide an assay result reader which can 
accurately interpret the result of an assay conducted even in an essentially transparent assay device without the assay 
result being adversely affected by minor contamination or damage (eg. superficial scratches) to the assay device. 
In a preferred embodiment of the invention, the electromagnetic radiation from the source is pulsed. By synchronising 

?o the detectors (sensors) so that they function only in phase with the pulsed radiation source, it is possible to eliminate 
any background interference that might be caused by external radiation, e.g. ambient light. It is envisaged that the assays 
will mostly be conducted under circumstances of natural daylight or, even more often, artificial light. Artificial light is 
usually of a pulsed nature (typically 50-1 00Hz) caused by the alternating nature of electricity supplies. By adopting a 
pulsed radiatidn source for the illumination of the assay device within the reader, the intrusion of natural daylight can be 

is ignored. By selecting the pulse frequency such that ft is sufficiently different from the prevailing artificial light, any inter- 
ference due to artificial light can also be avoided. Preferably the pulse frequency of the energy should be at least about 
1 kHz. An ideal pulse frequency is about 16 kHz. The electronics necessary to achieve synchronous pulsed sensing 
are familiar to those skilled in the art. 

The use of pulsed light is very advantageous because it renders it unnecessary for the monitor to be "light tight". 

20 Not merely does this simplify the construction of the monitor but the reading of the assay result can be performed 

while the monitor is "open", thus simplifying the operation for the user. 

The source of light or other electromagnetic radiation can comprise entirely conventional components. Ideal exam- 
ples are commercially available LED's, preferably chosen to give a suitable wavelength of light that is strongly absorbed 
by the detectable material concentrated in the test zone(s). Light from the LED's should be passed through a strong 

25 diffuser before reaching the assay device. If desired, an array of LED's which are energised in turn can be used. 

'Suitable diffusers can be made, for example, from plastics materials, and are available commercially. If necessary, 
the light-scattering properties of the diffusing material can be enhanced by including particulate materials such as Tita- 
nium dioxide and Barium sulphate. An ideal diffusing material comprises polyester or polycarbonate, containing Titanium 
dioxide. A good inclusion level for the particulate material is at least about 1% by weight, preferably about 2%. By the 

30 use of a diffuser, all relevant regions of an assay strip may be measured simultaneously, and differences in light output 
from the source are eliminated. 

The sensor(s) to detect emergent light can be conventional components such as photodiodes, e.g. silicon photodi- 
odes. 

Preferably, a second diffuser, which can be made from the same material as the primary diffuser, is located in front 
35 of the sensor(s). This ensures that the view seen by the sensor is not affected by the presence or absence of a test strip 
in the reading head. In consequence, the monitor can be calibrated in the absence of a test strip, and then measure an 
assay result in the presence of an assay strip. 

By employing a uniform light source in accordance with the invention, it is possible to provide a reading system for 
test strips and the like which is relatively tolerant to variation in the placement of the test zone(s) from one strip to another, 
40 in the absence of a scanning sensor. Further benefits are obtained if test zone placement is controlled, as described 
herein. 

For the purposes of enhancing the likelihood of conception, assay devices have already been marketed which 
enable the user to monitor the urinary concentration of luteinizing hormone (LH) which peaks sharply approximately one 
day in advance of ovulation. Daily testing of urinary LH concentration is conducted, for example using "dipstick" tech- 

45 nology with the assay result being provided by a coloured end point, the intensity of the colour being proportional to LH 
concentration. By providing the consumer with a colour chart which enables the daily result to be compared against a 
standard, the "LH surge" can be detected simply by eye. Unfortunately, the monitoring of LH concentration is a very rare 
example of an assay relying on semi-quantitative data which is amenable to such simple technology, being possible 
only because in relative concentration terms the LH surge is such a dramatic event. For most other potentially useful 

so assays the analyte concentration changes in body fluids are much more subtle and only detectable accurately by in- 
strumental means. 

A need therefore exists to extend the currently available qualitative home-use testing technology into the area of 
precise quantitative testing. A convenient example, which is a logical extension of the present consumer interest in 
home-use pregnancy testing and ovulation prediction testing, is the extension into accurate monitoring of the ovulation 
55 cycle, not merely to enhance the likelihood of conception but indeed to provide reliable information for the purposes of 
contraception. Proposals have been made to analyse body fluids with this objective in mind. A common theme is to 
monitor periodic fluctuations in various hormone metabolite levels in urine. 

The invention can be used in the determination of any body fluid analyte, especially in the monitoring of the human 
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ovulation cycle by the determination of one or more hormones or metabolites thereof in body fluid, such as urine, for 

example either LH and/or estrone-3-glucuronide (E3G). 

Within the preferred context of the present invention It is envisaged that a home-use sample liquid testing device 

will include a porous carrier material, such as a strip, through which applied sample liquid such as urine can permeate 
s and wherein the assay result occurs by means of specific binding of a detectable material in a precisely-defined region 

(detection zone) of the carrier, such as a narrow line or small dot, containing an immobilized specific binding reagent. 

The invention is therefore concerned with ways in which localisation of a detectable material in such a detection zone 

can be determined accurately in a simple and cost-effective manner. Home-use devices for the analysis of urine, for 

example in pregnancy tests and ovulation prediction tests, are now widely available commercially. Many such devices 
10 are based on the principles of immunochromatography, and typically comprise a hollow casing constructed of plastics 

material containing a porous assay strip carrying pre-dosed reagents. The reagents within the device may include one 

or more reagents labelled with a direct label, such as a dye sol, a metallic (e.g. gold) sol, or a coloured latex (e.g. 

polystyrene) microparticle, which are visible to the eye when concentrated in a comparatively small test area of the strip. 

The user merely needs to apply a urine sample to one part of the casing to initiate the assay. The assay result becomes 
is visible by eye within a few minutes without further action by the user. Examples of such devices aare described in 

EP-A-291194 and EP-A-383619. Sample collection is conveniently achieved by means of a bibulous member which 

forms part of the device and which can readily take up sample liquid, e.g. from a urine stream. Optionally the bibulous 

member can protrude from the casing of the device to facilitate sample application. 

A further embodiment of the invention is an electronic device for monitoring the fertility status of the human ovulation 
20 cycle and providing a user of said device with an indication of said fertility status, comprising: 

a) reading means for reading a dual-analyte assay device as described herein; 

b) information processing means for determining from said reading of said assay device, body fluid sample con- 
25 centration values for said at least two analytes; 

c) information processing means and memory means for deriving from said determined concentration values and 
from previously determined concentration values an indication of the current fertility status of a human subject under 
test; and 

30 

d) display means for communicating said current fertility status to said user of said electronic device. Preferably, 
the device additionally comprises receiving means for receiving said assay device, said reading means being located 
within said receiving means. Reading is best achieved by optical transmission through said assay device while 
received by said receiving means. Preferably the display means comprises one or more light sources which provides 

35 a coloured signal to said user, a variation in said fertility status being indicated by a colour change. 

Other embodiments of the invention, which will be apparent from the following detailed description, include assay 
devices for use as part of the reader/assay device combination, methods of manufacturing such assay devices, and 
methods of use of such assay devices and readers. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

By way of example only, assay devices and readers in accordance with the invention will now be described with 
reference to the accompanying drawings, of which: 
45 Figure 1 shows a general view of a sheet of porous material, e.g. paper, during the course of reagent deposition on 

the sheet and sub-division of the sheet into assay strips. 

Figure 2 shows an 'exploded" view of an assay device of the invention incorporating an assay strip made as shown 
in Figure 1. 

Figure 3 shows in diagrammatic cross-section an assay device of Figure 2 located within the reading head of a 
50 monitor in accordance with the invention, working by light transmission through the assay strip. The y axis is distorted 
to show the arrangement of components. 

Figures 4a, 4b and 4c show in partially "exploded" form the main features of a complete monitor in accordance with 
the invention, namely: 

55 Figure 4a: the lid and upper half of the casing; 

Figure 4b: an electronic circuit board incorporating a reading head; 
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Figure 4c: the lower half of the casing and associated battery container. 
Figure 5 shows the reading head seen in Figure 4b on an enlarged scale. 

Figure 6 shows a view directly downwards into the test device receiving slot of the reading head of Figure 5. 
5 Figure 7 is a cross-section of one end of a test device designed for insertion into the receiving slot of the reading head. 

Figure 8 shows, in schematic form, the basic functions that may be required in an electronic monitor for use in 
accordance with the invention, as applied to the human ovulation cycle. 
Figure 9a shows a dual-analyte test strip. 

Figure 9b shows in longitudinal cross-section an assay device including the test strip of Figure 9a. 
io Figures 9a and 9b are described under Example 5 below. 

DETAILED DESCRIPTION OF AN ASSAY DEVICE/MONITOR COMBINATION 

Referring to Figure 1, the sheet 100 of porous material, e.g. nitrocellulose, is intended to be divided into a plurality 

is of identical assay strips 101 by cutting along central axis A-A and the lateral axes B-B. 

Parallel lines (1 02-1 07) of assay reagents are placed on sheet 100 prior to sub-division. For the purposes of example 
only, the reagents are assumed to be a first immobilised antibody in lines 1 02 and 1 07, and a second different immobilised 
antibody in lines 103 and 106. Reagent deposition can be by means of a "pen" 108 or the like operated on a compu- 
ter-controlled "x-y" plotting mechanism (not shown) and fed with appropriate buffered reagent solution via a metered 

20 flexible tube 109. If the material of sheet 100 is nitrocellulose, reagents such as antibodies and antigens can be immo- 
bilised by simple direct application onto the nitrocellulose, followed by blocking of the sheet material, for example with 
albumen or polyvinyl alcohol. Following reagent deposition and blocking, two lines 1 04 and 1 05 of mobile labelled rea- 
gent, such as antigen (e.g. E3G) or another antibody (e.g. anti-LH) labelled for example with a particulate direct label 
such as coloured latex, can be deposited. This deposition can be for example by means of another pen (not shown). 

25 Alternatively, the labelled reagent(s) can be held in a separate porous pad or the like, rather than being applied directly 
to the test strip material. 

In order to achieve precise location of the reagent-containing lines, each longitudinal periphery 110, 111 of sheet 
100 is pierced with a plurality of identical small holes 112 each one being situated within the width of a designated strip 
113. Holes 112 are made in sheet 100 prior to the deposition of any reagents. The untreated sheet is located on a frame 

30 (not shown) or similar operating surface by means of a bar 114 pressed downwardly onto each lateral periphery of the 
sheet. Only one of these bars is (partially) shown. Each bar has a plurality of downwardly projecting pins 115, each of 
which locates precisely into one of the holes 112. The tracking of the reagent-depositing pen 108 is registered precisely 
with the position of the bars holding the sheet, and accordingly the reagent deposition is made in a predetermined precise 
line relative to the perforations in the sheet. 

3S Following all necessary reagent depositions and other treatments of the sheet, the sheet is subdivided by cutting 

means (not shown) into individual identical strips 1 01 . Each individual strip therefore contains one locating hole 1 1 2 with 
two reagent-containing lines or reaction zones (e.g. 102 and 103) located relative to hole 112 in precise predetermined 
positions extending across the width of each strip. At a location remote from hole 112 is a region (e.g. 104) of the strip 
bearing the mobile labelled reagent. The exact position of the labelled reagent relative to the hole is not necessarily as 

^0 critical as the location of the reaction zones. 

Referring to Figure 2, an assay device of the invention comprises a plastics casing having upper and lower halves 
200 and 201 adapted to contain the assay strip 1 01 and also a bibulous sample receiving member 202 which can extend 
out of one end 203 of the assembled casing. In the assembled device the bibulous receiving member 202 overlaps the 
end 204 of the assay strip adjacent to the deposited labelled reagent. The upper half 200 of the casing includes a window 

45 or aperture 205 through which both detection zones 102 and 1 03 can be observed from outside the casing. Upper half 
of the casing contains on its external surface 206 a circular depression 207 on the central longitudinal access of the 
casing a short distance beyond the observation window relative to the end 203 of the casing accommodating the sample 
receiving member. On the inside of the upper half of the casing is a downwardly extending pin or peg 208 located directly 
below depression 207. The diameter of the downwardly extending pin or peg 208 matches that of the hole 112 in the 

50 assay strip 1 01 , so that the strip can be positively located within the assembled device on the peg. 

Lower half 201 of the casing also includes a light -transmitting window or aperture 209 which, in the assembled 
device, lies directly opposite to the result window 205 in the upper half of the casing. Lower half of the casing also 
contains a depression 210 which can accommodate the bottom end of the pin or peg 208 when the two halves of the 
casing are placed together to make an enclosure. 

55 In the assembled device, the act of enclosing the strip and bibulous member between the upper and lower halves 

of the casing causes the overlapping portions 204 and 211 of the strip and bibulous member to be crimped together to 
provide a good moisture-conductive junction. 

It is generally envisaged that the material of the casing will be opaque, e.g. white or coloured plastics material, but 
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the casing can be translucent or indeed transparent it desired. 

Referring to Figure 3, the assay device 300 is seen located within a slot 301 in a monitor 302. This region ot the 
assay device includes the two opposing windows 205 and 209. 

The casing of the monitor is slotted to receive the portion of the assay device incorporating the result windows. On 
s opposing sides of the slot is a light source 303 and a reading head 304. 

The slot incorporates a button or projection 305 which can fit into the depression 207 on the external face of the 
casing of the assay device. Precise positive location of the casing within the slot is therefore achieved. Because the 
depressbn is in a fixed position relative to the internal pin or peg 208 within the assay device, and hence the registration 
hole 1 1 2 in the assay strip 1 01 , the two detection zones 1 02 and 1 03 on the strip are located in a precise position relative 
w to the reading head. The hole in the assay strip therefore acts as a positive reference throughout the manufacture of 
the assay device and ensures that after the device has been used and presented to the monitor the detection zones on 
the strip will be in the same position relative to the reading head each time. Accordingly there is no need for the reading 
head to incorporate a scanning facility to locate the detectbn zones in each presented device. 

The light source or illuminator 303 incorporates a plurality of LEDs 306 to generate light, and this shines onto the 
is assay strip via a diffuser 307 and the observation window 209 in the lower half of the assay device casing. The light 
passes through the thin nitrocellulose strip 101 and exits the assay device through the result window 205 in the upper 
half of the casing. Immediately outside window 205 is a second diffuser 308. After passing through the second diffuser 
308, the light encounters a plate 309 having a plurality of apertures 310-314. There are five apertures in total, two of 
which (311 , 31 3) are adjacent to the detection zones and the others (310, 312 and 314) lie in positions on either side of 
20 these detection zone apertures. The apertures are of slit form corresponding to the detection lines on the strip. The 
width of each of the two apertures 31 1 and 31 3 corresponding to the detection zones themselves is double the width of 
each of the three other apertures, which act as controls. 

The light passing through these apertures travels down a corresponding slot 315-319 in a baffle plate 320. At the 
far end of each slot is a light detector 321 . The detectors 321 are of identical size and specification. At the front face 
25 322 of the baffle plate 320, each slot is of the same size as the corresponding aperture. At the rear face of the baffle 
adjacent to the light detectors each slot is of the same size as the face of the light detector adjacent to it. Accordingly, 
the two slots (316, 318) associated with the detection zone apertures are parallel-sided. The three slots (315, 317 and 
31 9) associated with the control apertures increase in size as they progress towards the light detector. 

The slot in the monitor can also accommodate gripping or biasing means such as one or more spring-loaded plates 
30 or pins (not shown) to further enhance the positive location of the assay device within the slot. 

Ideally, the same optical signal is derived from each aperture irrespective of the precise line position opposite the 
apertures. The apertures can be of different sizes to promote this objective. The dimensions of the reference zone should 
be chosen to correspond as closely as possible with the actual area of the detection zone on the strip. 

To reduce the possibility of cross-talk between the apertures, the assay strip should be held as close as possible 
35 to the apertures when the assay device is located in the slot in the monitor. 

As described above, there are five optical measurement channels in the reading device. In addition, there can be 
a sixth electronic reference channel that provides calibration of the electronic gains in the detector circuitry. 

A typical test strip may exhibit a gradient of detectable label concentration along its length, against which the de- 
tectable label at a reaction zone must be measured. To accommodate this measurements are ideally made either side 
40 of the reaction zone on the test strip. The signal from the reaction zone can be expressed as a ratio of the total signal 
recorded from the two adjacent reference areas on the strip. 

The five measurement channels are divided into two reaction zones and three reference zones. One reference 
zone, located between the two reaction zones provides a reference optical measurement to both reaction zone meas- 
urements. 

45 A reflectance measuring system must ail be mounted on one side of the test strip. To achieve the same level of 

compactness for a five channel reading device would require the use of (relatively) expensive custom components. A 
transmission design can be made entirely from commercially-available, high volume optoelectronic components, facil- 
itating the production of a monitor that is compact and relatively cheap. 

The five detectors 321 are mounted on the back face of a baffle plate. Each detector views the test strip through 

50 an aperture in the baffle. The baffle prevents light viewed through one aperture from falling on adjacent detectors, and 
also provides accommodation for line placement tolerance. The position of the test zone within the field of view of a 
detector may vary from one edge of the aperture to the other in the x-axis. Any variation in the signal arising from this 
effect is a function of the angular displacement relative to the centre of the measuring detector. The depth of the baffle 
can be chosen to control the possible angular displacement of the test zone with respect to the detector, and to maintain 

55 the accuracy ot the reading. 

The projection 305 is maintained in precise location with respect to the apertures. The reference pin locates into 
depression 207 in the test device casing. This depression is also precisely located with respect to the internal pin 208 
moulded into the test device, on which the test strip is located by it's own locating hole punched through the strip. The 
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reaction zones are precisely located with respect to the locating hole. In this manner, within manufacturing tolerances, 
the reaction zones are held in precise positions with respect to the apertures through which the detectors view the test 
strip. 

The illuminator can consist of a series of LEDs embedded in or placed behind a diffusing medium which provides 

5 a uniform and diffuse illumination of the test strip covering the reference and signal zones. 

The incorporation of a diffuser between the apertures and the test strip is beneficial for calibration purposes. In order 
to calibrate each of the optical channels in the absence of the test strip it is highly desirable that each detector is collecting 
light from the same areas of the illuminator as is the case when a test device is present. The diffuser can be selected 
to be the dominant diffuser in the optical path so that the introduction of the test strip does not contribute significantly to 

io changes in the illumination distribution observed by the detectors. In addition, the diffuser element can enable the optical 
assembly to incorporate a 'wipe clean' surface, desirable for long-term repeated performance of the optical assembly. 
By modulating the intensity of the illuminator, the optical channels can be calibrated, without the aid of moveable parts, 
'invisibly' to the user prior to the insertion of a test device. 

The test strip can consist of an optically diffuse layer of nitrocellulose or the like, preferably sandwiched between 

is two layers of optically clear film, e.g. of polyester such as "Mylar". The clear film protects the nitrocellulose within which 
the assay reactions take place. Making reflectance measurements through thin transparent films is particularly difficult 
because of problems arising from specular reflections. Transmission measurement allows the optics to be constructed 
orthogonal to the measuring surface and minimises the adverse effects of reflection. 

The invention is particularly applicable to the reading of test strips made of nitrocellulose and similar diffuse mem- 

20 branes that preferably do not exceed about 1 mm thickness. 

Turning to Figure 4a, the monitor comprises a moulded casing, eg. of plastics material, having a generally oval 
rounded shape. The casing principally comprises an upper half 400 and a lower half, only the upper half of which is 
seen in Figure 4a. Towards the right hand side of casing 400 is a recess 401 having a backwardly sloping rear face 402. 
Rear face 402 incorporates an aperture 403 for a push button (not shown), a window 404 to reveal a display panel (not 

25 shown) and two windows 405 and 406 to reveal coloured lights or other indicators (again not shown) to convey information 
to the user. Extending from the left end of recess 401 is a long slot 407 to provide access to a reading head (not shown). 
Recess 401 and slot 407 are closable by means of a lid 408 which is attached to the rear of the casing by two hinge 
points 409 and 410. The upper surface 411 of casing 400 is recessed slightly to accommodate the lid when closed, so 
that the exterior of the closed device presents a relatively smooth continuous surface to the user. The lid can be flipped 

30 up to reveal the user-accessible features of the monitor. The lid is closable by means of a spring clip (not seen in Figure 
4a) which extends upwards through an orifice 412 in the front edge 413 of the casing. Front edge 413 of the casing 
incorporates a further orifice 414 through which a further indicator light (not shown) may be revealed. 

Turning to Figure 4b, the circuit board 430 is of rounded rectangular shape to match the interior shape of the casing, 
and carries all of the operational features of the monitor. These include a push button 431 which the user can press to 

35 initiate the monitoring of an ovulation cycle. When the circuit board is mounted within the casing and covered by upper 
half thereof, the push button is accessible through aperture 403. To the right of the push button is a visual display panel 
432 such as a liquid crystal display which is visible to the user through window 404. To the right of the display panel are 
two light guides 433 and 434 which transfer, for example, coloured light (such as red and green) from two LEDs or similar 
lamps (not shown). Appropriate "chips" and memory circuits 435, 436 are mounted on the circuit board. A further light 

40 guide 437 mounted at the front edge 438 of the circuit board can convey light from another LED (not shown) to aperture 
41 4. This light may indicate, for example, to the user that an assay is required. This light can be a different colour from 
the lights associated with display panel, eg. yellow. A battery connector 439 hangs from beneath the circuit board for 
connection to batteries retained in the lower casing (see Figure 4c). Also at the front of the circuit board is a switch 440 
operable by the spring catch of lid 408. 

45 At the left hand end of the circuit board is mounted the reading head 441 which comprises a central receiving slot 

442 to accommodate one end of an assay device (not shown). On the front of receiving slot 442 is an illuminator 443 
and immediately opposite at the rear of the slot is an optical sensing system 444 so that light can be passed across the 
slot (and through a testing device when inserted) and evaluated by the sensor. 

Turning to Figure 4c, the lower half 460 of the casing has an overall oval shape to match the upper half 400 and 

50 provides accommodation for the circuit board 430. The front edge 461 of the casing 460 accommodates a spring loaded 
catch 462 to fasten lid 408 when closed. Catch 462 is released by pressure on the front face 463 eg. applied by a finger 
tip. The floor 464 of the casing includes a battery chamber (beneath), and a small access hole 465 is provided towards 
the right hand end of the casing through which the battery connector 439 can be passed and linked to batteries 466. 
The batteries are retained by a cover 467 which can be clipped to the underside 468 of the casing. 

55 The constituent parts of the casing can be moulded from high impact or similar plastics materials such as polystyrene 

and polycarbonate and held together by "push fit" clips or threaded screws or any other appropriate mechanism. 

Turning to the enlarged illustration of the reading head, as seen in Figure 5, the slot 442 for receipt of an assay 
device is of parallel sided form, but its width is enlarged at its right hand end 500 in a stepped manner to provide a pair 
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of shoulders or abutments 501 , 502 against which a correspondingly enlarged portion of an assay device can be abutted. 
This can facilitate effective insertion of an assay device into the reading head. Within the narrower working part 503 of 
the slot is a button 504 mounted on the rear wall 505 of the slot, which must be fully depressed to activate the reading 
mechanism. Appropriate insertion of a testing device causes adequate depression of this button. 

s Also on the rear wall 505 of the slot is a fixed locating pin 506 which must engage with a corresponding hole in an 

inserted assay device. Also on the rear wall 505 is a light-transmitting panel 507 which covers the optical sensors. Panel 
507 extends outwardly beyond the plane of rear wall 505 of the slot and has sloping edges 508, 509 to give it a distinctive 
profile. At opposite ends of the front wall 510 of the slot are two pins (not seen in Figure 5) which are biased outwardly 
into the slot, e.g. by spring mechanisms contained within two housings 511 , 512. 

10 These same features are illustrated in Figure 6 which is a view directly downwards into the receiving slot. The two 

biased pins 600, 601 are seen. The purpose of these pins is to provide biassing means to push an inserted assay device 
against the rear wall 505 of the slot. If the receivable portion of an assay device has appropriately shaped holes or 
depressions to accommodate the fixed locating pin 506 and the projecting panel 507, the assay device can be pressed 
sufficiently closely to the rear wall of the slot to depress the button 504 and initiate the optical sensing procedure. 

is Figure 7 shows, in cross-section, part of an assay device 700 having a profile which can cooperate with the features 

seen in Figure 6. The assay device can be inserted into the slot with the broader central portion 701 abutting against 
shoulders 501 , 502. The leading end 702 of the assay device has a slightly bevelled edge 703 to facilitate insertion into 
the slot past pin 600. The assay device comprises a hollow casing containing a porous assay strip 704 sandwiched 
between two sheets 705, 706 of transparent material. As described earlier, strip 704 is precisely located within the assay 

20 device casing by means of a pin 707 which extends through a hole 708 in the strip. On the outside of the assay device 
casing at a point corresponding to the centre of the locating pin 707 is a conical hole 709 which can accommodate the 
fixed locating pin 506 in the reader slot. Each side of the assay device casing has an aperture 710, 711 which, when 
the assay device is inserted in the slot correctly, will be adjacent the light source 443 and light sensors 444 respectively. 
The profiles of these two apertures are different and in particular the profile of the aperture 711 on the same face of the 

2S assay device as the conical hole 709 is shaped to match the profile of the projecting panel 507 covering the light sensors. 
This ensures that the reading head will only operate when the assay device is inserted in the correct orientation to ensure 
that the button 504 is depressed. 

It will be appreciated that the overall layout and general shape of the monitor can be subject to very considerable 
variation from that described above without departing from the scope of the invention. The general shape and layout of 

so the reading head is dictated by the need to cooperate effectively with the assay device but this shape can be varied 
considerably. The layout and nature of the user accessible controls and information display features can likewise be 
subject to considerable variation and are dictated to a large extent by aesthetic considerations. 

The detailed electronics of a monitoring device capable of assimilating, remembering and handling analyte concen- 
tration data, as well as providing the preferred electronic features of the device discussed herein, and where appropriate 

35 predicting future events, such as the fertility status in an ovulation cycle on the basis of such data, can readily be provided 
by those skilled in the electronics art once they have been advised of the factors that such a device must take into 
consideration, and the information that the device must provide for the user. By way of example only, the basic functions 
that may be required in such a device are outlined in Figure 8 of the accompanying drawings and described briefly 
below. The individual features can be entirely conventional, and those familiar with the art of electronics will appreciate 

40 that other combinations and arrangements of such features can be employed to achieve the objectives of the invention. 
For example, so-called "hard-wired" systems, and "neural networks", can be used in place of conventional microproc- 
essors based on "chip" technology. 

As depicted in Figure 8, the combination essentially comprises a reading unit 800 to derive information from a test 
device, such as an assay strip, the reading unit comprising an illuminator 801 and a reader 802 (represented here as a 

45 photo diode). The reading unit feeds into a conversion unit 803 to convert the optical signal into a form usable by a 
microprocessor 804. As an optional feature, a calibration system 805 is provided to convert the signal derived from the 
reading unit into data corresponding, for example, to an absolute concentration value. 

A timer, such as a clock 806 may be required to regulate measurements within a cycle. The microprocessor 804 
processes, memorizes and interprets results in the light of previous events, particularly recorded from previous cycles. 

so The user interface 807 will generally comprise at least means, such as a push button, which the user can operate at 
the commencement of a cycle to initiate the operation of the device as a whole. The power supply 808 should include 
means, such as a memory back-up capacitator 809, to prevent loss of historical data when it becomes necessary to 
replace batteries. 

Information can be conveyed to the user by means of a liquid crystal or LED display, for example. If desired, infor- 
55 mation on the state of fertility can be conveyed by a simple visual indication, eg a combination of colours showing, for 
example, green for infertile and red for fertile. Especially if the device is intended primarily as an aid to contraception, it 
should "fail safe" by showing a "fertile" signal. 

As described above, features 803 and 806 together correspond to feature 435 (Figure 4b), and feature 804 corre- 
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sponds to feature 436 (Figure 4b). 

Transmission spectrophotometry is a widely used technique for the quantification of dye concentrations in clear 
liquid solutions. Commercially available spectrophotometers generally require substantial modification to make meas- 
urements on diffuse (scattering) solutions. Transmission spectrophotometry is not generally thought of an appropriate 
5 method of measuring highly diffuse samples so it is generally only adopted where an alternative approach cannot be 
applied. For the purposes of the invention, transmission measurement offers positive benefits over the more usual re- 
flectance approach previously employed on test strips. 

Some conventional strip assays employ reflectance measurement to assess dye concentration on the strip surface 
(e.g. glucose monitors). The chemistry of these assays occurs in a very thin layer on the surface of a test strip. In contrast, 
io the chemistry of the preferred strip devices of the invention takes place throughout the thickness of the test strip. Because 
of variations in flow and reagent deposition, the concentration of detectable label captured at a reaction zone may differ 
according to depth. 

Curvature, surface materials, finish and solvent effects may vary the ratio of specular to diffuse reflection. For re- 
flectance measurements it is the diffusely reflected light from the surface of the strip that carries the signal information 

is (i.e. that light will have interacted with the detectable label), whilst the specularly reflected light will contain no information 
(as this light is the component that has just bounced off the surface without interacting with the detectable label in the 
diffuse strip). Without resorting to relatively bulky and expensive systems, it is difficult to design a reflectance measure- 
ment system that minimises specular reflection to the extent possible with transmission measurement, especially using 
diffuse light as in accordance with the invention. 

20 Reflectance systems require the use of a test surface that must be removed from the optical path for the purposes 

of calibration. This reference surface must not deteriorate if it is to form a part of the optical assembly. In addition, 
mechanical movement is required to displace such a reference material when an assay strip needs to be measured. 
Such problems are avoided by the invention. 

In addition to the specific examples of detectable materials already mentioned herein, the invention can use as 

25 labels materials which block or reflect the electromagnetic radiation, rather than absorb it, e.g. ■white" particles such as 
latex particles in their natural uncoloured state. Alternatively, the label can be a reactant or catalyst which participates 
in the generation of a radiation absorbing or radiation-blocking material, e.g. an enzyme which reacts with a substrate 
to produce a detectable material, such as a coloured material, in the detection zone. 

30 EXAMPLES 

Aspects of the invention are illustrated in the following Examples. These relate to the monitoring of the human 
ovulation cycle. 

35 EXAMPLE 1 

This example sets out a convenient algorithm on which a monitoring method in accordance with the invention can 
be based. The kit provided to the user comprises a plurality of dual-analyte disposable urine testing devices, capable 
of assaying urinary E3G and urinary LH in a form readable by a monitor also provided. The disposable testing devices 
<o and the monitor are as described above. The monitor can receive each used testing device and determine the urinary 
concentration of each analyte. This information is stored in the monitor and compared with simitar data obtained on 
subsequent days in the same cycle. The monitor has a menstruation button that the user must press at the start of the 
cycle, and a display panel or the like to convey information about cycle status, and to indicate to the user when testing 
should be performed. 

45 

a) Algorithm rule structure 

The objectives are to: 

50 j) identify the position of the LH surge in an individual cycle; 

ii) identify a significant increase in E3G concentration in an individual cycle with respect to the E3G concentration 
on day 6 of that cycle; 

55 Hi) preferably, include a fail-safe procedure in the event of failure to identify a significant increase in E3G concen- 

tration within an expected interval. 

The number of tests available each routine month is limited to 8, and a test strategy which will maximise the chances 
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of achieving i) and ii) is adopted. 

b) Start-up cycles 

5 In order to establish an adequate initial data base, during the first cycle of use the monitor requires sixteen tests. 

This is to establish baseline data for the individual. The user presses the menstruation button on the monitor on the 
morning after her menstruation begins. This day is recorded as day 1 by the monitor. Testing commences on day 8 and 
continues daily until day 23. This testing is targeted to maximise the chance of observing the LH surge. 

At the start of cycle 2 and the start of ail following cycles, the menstruation button is pressed as above. From cycle 

10 2 onwards, eight tests only are used for each cycle. All eight tests must be from the same batch and all must be completed. 
In ail cycles from cycle 2 onwards, testing commences on day 6. For cycles 2 and 3, tests two to eight are conducted 
on consecutive days starting on the typical LH surge day minus four days. From cycle 4 onwards, regarded as the first 
routine cycle, tests two to eight are conducted in sequence from typical LH surge minus five days. The typical LH surge 
day is defined as the mean day of LH surge for up to the previous six months. 

is 

c) Start of the fertile phase 

In cycle 1 , the monitor declares the woman fertile from day 6 onwards, as no information about cycle characteristics 
has been collected. In cycles 2 and 3, the monitor can use the typical position of the LH surge from the previous cycle 
20 ( S ) to determine the start of the fertile phase. However, because of the limited amount of cycle data available, the monitor 
will still declare a woman fertile during cycles 2 and 3 on day 6 or on typical LH surge minus 7 days, whichever is later. 

In subsequent routine cycles, the onset of the fertile phase is set by detection of a significant change in the E3G 
signal with respect to day 6. When the ratio of the current day's signal for E3G (S,) to the day 6 signal (S 6 ) reaches a 
set threshold as set forth above, the woman is declared fertile. As a fail-safe, the monitor declares the woman fertile on 
25 the typical LH surge minus 2 days, in the absence of an earlier detected significant change in the E3G signal. 

d) End of the fertile phase 

In normal operation, the end of the fertile phase is defined as the fourth morning after the detection of the LH surge. 

30 in the absence of a detectable LH surge during the test sequence, the system declares the end of the fertile phase to 
be six days after the last test. The rationale for this calculation is as follows. The testing regime is designed to cover the 
typical position of the LH surge plus one day. Published WHO study data showed within-woman variability of LH surge 
position to be 1 .8 days. Adding five days to the declared fertile period after testing has been completed allows two 
standard deviations confidence that the LH surge will occur within the assigned fertile period. 

55 in non-normal operation (cycle 1 ), where the monitor has no information about the typical LH surge position, if this 

parameter is not detected, the end of the fertile phase is declared on cycle day 28. 

EXAMPLE 2 

40 This example uses representative E3G profiles from two women - one known to have low levels of urinary E3G and 

the other known to have relatively high levels. In the first two columns of each table, 30 days of each cycle are set out 
in terms of their fertility. The first phase is termed infertile and consists of that portion of the follicular phase during which 
unprotected intercourse would not be expected to result in conception, followed by a transitional phase during which 
changes occur that lead to a fertile state and during which a positive signal to indicate the onset of the fertile phase is 

45 required. The fertile phase is that phase before and after ovulation during which unprotected intercourse is most likely 
to result in conception. Its duration before ovulation is dictated entirely by the effective lifetime of sperm, and this, in turn 
is influenced by factors controlled by the female hormones, especially mucus. The post fertile, luteal phase is that time 
after which the ovum has left the uterus and conception in the current cycle is no longer possible. 

E3G values are given in the third column. These were derived by immunoassay on early morning urine samples 

so collected each day. The immunoassay was a conventional enzyme-labelled-antigen competitive assay. The values given 
are in ng/ml. 

Actual ovulation is taken as 24 hours following the LH surge. These LH values were determined by conventional 
enzyme-labelled sandwich immunoassay on the same samples, but the values are not included in the table as ovulation 
date is the essential result. 
55 The algorithm of Example 1 has been applied to each cycle, taking the E3G trigger point as: 

JL> 2 
[days]-* 
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INDIVIDUAL A 



5 



10 



25 



CYCLE A 1 : Start-UD cvcle 


Day Test ovulation 


Phase 


E3G value 


Hea status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6 


infertile 




*** 




7 


infertile 




*** 




8* 


infertile 


1.9 


*** 




9* 


infertile 


3.1 


+** 




10* 


infertile 


5.4 


*** 




11 * 


infertile 


2.1 


*** 




12* 


infertile 


5.3 


*** 




13* 


infertile 


10.5 


*** 




14* 


infertile 


7.7 


*** 




15* 


fertile 


5.2 


*** 




16* 


fertile 


8.3 


#** 




17* 


fertile 


6.8 


*** 




18* 


fertile 


4.3 


*** 


LHS + 1 


19* 


fertile 


4.9 


♦** 




20* 


fertile 


5.3 


*** 




21 * 


postfertile 


3.3 






22* 


postfertile 


4.9 






23* 


postfertile 


6.2 






24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









40 

LH surge was on day 17, therefore repeated testing to commence on day 13 in next cycle. 



45 



CYCLE A 2 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


3.5 






7 


infertile 








8 


infertile 








9 


infertile 




##* 




10 


infertile 




•** 





Continuation of the Table on the next page 
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(continued) 



10 



is 



20 



30 



35 



40 



45 



50 



55 



CYCLE A 2 


uay lesi ovuiaiiun 


Phase 


COO VdlUu 




Artual 


11 


infertile 




*** 






inTerilie 




*** 






infertile 




Ht 




A A * 

14 


Tertiie 


1/1 c 
14.0 


*** 




15 


fertile 


10 £ 


«*«■ 




16 


fertile 


Q Q 

O.O 


*** 




i "7 * 


fertile 


lO.O 


***> 


1 a. 1 
i_no + i 


18 


tertiie 


o.y 


*** 




19 * 


fertile 


O.O 


♦*# 




20 


postfertile 








21 


posttertile 








00 

C.C. 


rt^off aft ila 
pubU6illlC7 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 








cycles A1 and A2 is day '16.5", therefore repeated testing to commence on day 1 


CYCLE A 3 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


1.6 






7 


infertile 








8 


infertile 




*** 




9 


infertile 




*** 




10 


infertile 




*** 




11 


infertile 




*** 




12* 


fertile 


6.2 


*** 




13* 


fertile 


23.6 


*** 




14* 


fertile 


21.3 


#** 




15* 


fertile 


8.3 


*** 


LHS + 1 


16* 


fertile 


4.5 


*** 




17* 


fertile 


3.7 


*** 




18* 


postfertile 


3.4 






19 


postfertile 








20 


postfertile 








21 


postfertile 









Continuation of the Table on the next page 
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(continued) 



75 



CYCLE A 3 


Uay I6SI OVUiailOn 


Phase 


COO VealUa 




Aril 


22 


Dostfertila 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS from cycles A1 to A3: day "15.7". Repeated testing commencement day for first routine cycle: day 10. 
Fail-safe day for the first routine cycle: day 13. 



25 



30 



40 



so 



CYCLE A 4 


First routine cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


3.1 






7 


infertile 








8 


infertile 








9 


infertile 








10* 


infertile 


6.1 






11 * 


fertile 


16.7 


#** 




12* 


fertile 


10.8 


*** 




13* 


fertile 


22.8 


**# 




14* 


fertile 


21.3 


*** 


LHS + 1 


15* 


fertile 


9.4 


**# 




16* 


fertile 


12.2 


*** 




17 


postfertile 








18 


postfertile 








19 


postfertile 








20 


postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 
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Days warning of actual ovulation: 3 

Mean LHS from cycles A1 to A4: day "15.3". 

Repeated testing commencement day for next cycle: day 10. 

Fail-safe day for the next cycle: day 13. 



5 





CYCLE A 5 


Second routine cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


10 


1 


infertile 










2 


infertile 










3 


infertile 










4 


infertile 








IS 


5 


infertile 










6* 


infertile 


4.8 








7 


infertile 










8 


infertile 








20 


9 


infertile 








10* 


infertile 


8.5 








11 * 


infertile 


7.3 








12* 


infertile 


6.3 








13* 


infertile 


7.0 


*** 






14* 


fertile 


11.8 


«-»* 






15* 


fertile 


19.3 


*** 






16* 


fertile 


18.5 


**# 






17 


fertile 




*** 


LHS + 1 




18 


fertile 




*** 




30 


19 


fertile 




*** 






20 


postfertile 










21 


postfertile 










22 


postfertile 








35 


23 


postfertile 










24 


postfertile 










25 


postfertile 










26 


postfertile 










27 


postfertile 








40 


28 


postfertile 










29 


postfertile 










30 


postfertile 









Days warning of actual ovulation: 4 (triggered by fail-safe) 
Mean LHS from cycles A1 to A5: day "15.4". 
Repeated testing commencement day for next cycle: day 10. 
Fail-safe day for the next cycle: day 13 



$0 INDIVIDUAL B 



25 



EP0 703 454 A1 



15 



20 



25 



35 



CYCLE B1: Start-up cycle 


Day Test ovulation 


Phase 


E3G value 


•Red* status 


Actual 


1 


infertile 








2 


infertile 

II NOI III w 








3 


infertile 








4 


infertile 

II llul lllw 








5 


inffirtilfi 

II IIOI lllo 








5 


II iioi uio 




•** 




7 


II 1 ID 1 IIIO 




*#* 






info riilo 

II HOI IIIO 


25.1 


*** 




9 * 


infertile 

II II CI 1Mb 


10.1 


*•* 




10 * 


II HOI UIQ 


16.8 


*** 




11 * 


It HOI IIIO . 


28.2 


*** 




12 * 


inf a rtilft 

II HOI IIIO 


24.6 


##* 




13 * 


II HOI IIIO 


28.7 


#** 




14* 


II IIOI mo 


27.7 


*♦* 




15 * 


infartils 

II IIOI IIIO 


62.6 


*** 




16* 


infertile 


68.5 


*** 




17* 


fertile 


61.9 


*** 




18* 


fertile 


103.4 


*#* 




19* 


fertile 


85.4 


■ *** 




20* 


fertile 


45.4 


*** 


LHS + 1 


21 * 


fertile 


14.9 


*** 




22* 


fertile 


46.6 


**♦ 




23* 


postfertile 


49.3 






24 


postfertiie 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









LH surge was on day 19, therefore repeated testing to commence on day 15 in next cycle. 



45 



50 



55 



CYCLE B 2 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


28.9 






7 


infertile 








8 


infertile 








9 


infertile 








10 


infertile 








11 


infertile 








12 


infertile 




*** 





Continuation of the Table on the next page 
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(continued) 



5 



15 



25 



CYCLE B 2 


Day Test ovulation 


Phase 


noli i/% 

too value 


neo siaius 


Mciuai 


13 


iniertiie 








14 


iniertiie 




*** 




15 


fertile 


62.0 


*** 




16 


fertile 


94.6 


*** 




17 


fertile 


CO A 

58.4 


**# 


Lno + i 


18 * 


fertile 


Aft A 

42 .4 


*•* 




19 * 


fertile 


60.4 


#** 




20 * 


fertile 


56.0 


*** 




21 * 


postfertile 


35.0 








puoiiui mo 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS from cycles B1 and B2 is day "1 7.5", therefore repeated testing to commence on day 1 3 in next cycle. 



30 



40 



50 



55 



CYCLE B 3 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


17.2 






7 


infertile 








B 


infertile 








9 


infertile 








10 


infertile 




*** 




11 


infertile 




*** 




12 


infertile 




*** 




13* 


infertile 


23.9 


*** 




14* 


fertile 


63.8 


*-k* 




15* 


fertile 


22.1 


*** 




16* 


fertile 


65.9 


*** 




17* 


fertile 


41.2 


*** 


LHS + 1 


18* 


fertile 


7.6 


*** 




19* 


fertile 


35.3 


*** 




20 


postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 









Continuation of the Table on the next page 
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(continued) 



CYCLE B 3 


Day Test ovulation 


Phase 


E3G value 


•Red 1 status 


Actual 


24 


postfertile 








25 


posttertile 








26 


postfertile 








27 . 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS from cycles B1 to B3: day 17. 

Repeated testing commencement day for first routine cycle: day 12. Fail-safe day for the first routine cycle: day 15 



20 



25 



SO 



CYCLE B 4 


First routine cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


12.9 






7 


infertile 








6 


infertile 








9 


infertile 








10 


infertile 








11 


infertile 








12* 


infertile 


38.3 


*** 




13* 


fertile 


70.6 


*** 




14* 


fertile 


74.6 


*** 




15* 


fertile 


70.6 


#** 




16* 


fertile 


49.7 


*** 


LHS + 1 


17* 


fertile 


23.5 


*** 




18* 


fertile 


29.8 


*** 




19 


postfertile 








20 


• postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









55 

Days warning of actual ovulation: 4 

Mean LHS from cycles B1 to B4: day "16.5". 
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Repeated testing commencement day for next cycle: day 11 . 
Fail-safe day for the next cycle: day 14 



5 



20 



30 



40 



CYCLE B 5 


Second routine cycle 


Day Test ovulation 


Phase 


E3G value 


■Red' status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


7.2 






7 


infertile 








e 


infertile 








9 


infertile 








10 


infertile 








11 * 


infertile 


14.1 






12* 


infertile 


17.4 






13* 


infertile 


41.3 


**# 




14* 


infertile 


57.5 


*** 




15* 


fertile 


42.0 


*** 




16* 


fertile 


55.4 


*** 




17* 


fertile 


60.1 


*** 




18 


fertile 




*** 


LHS + 1 


19 


fertile 




*** 




20 


fertile 




*** 




21 


postfertile 








22 


postfertile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Days warning of actual ovulation: 5 

LHS detected on last day at testing. Mean LHS from cycles B1 to B5: day "16.6". 
Repeated testing commencement day for next cycle: day 11 . 
Fail-safe day for the next cycle: day 14 



EXAMPLE 3 



This example illustrates a very simple but convenient human contraceptive system, relying solely per cycle on a 
limited number of assays for the urinary analyte E3G. 

The user is provided with a 'monthly 1 batch of 8 identical disposable assay devices, each comprising an assay strip 
to which a urine sample can be applied, the strip including ail necessary reagents to enable a signal indicative of the 
E3G concentration to be provided, for example by a competition reaction involving a labelled specific binding reagent 
which becomes bound in a detection zone on the strip in an amount directly or inversely proportional to the E3G con- 
centration in the urine sample. An optical electronic reader is also provided, which converts signal information from the 
used strip into numerical data and processes this data to provide the user with appropriate information concerning cycle 
status. 



29 



EP 0 703 454 A1 



An initial urine assay is performed on day 6 of the current cycle (day 1 being the day on which menses is first 
observed), to establish a base reference for the E3G concentration in this cycle. 

A second urine assay is performed on day 9, and each day thereafter, until either ail tests are used up, or until an 
indication of an elevated E3G concentration indicative of imminent ovulation is given. A sufficiently elevated E3G con- 
5 centration is declared when the ratio of the reference concentration [r] to the test concentration [i] first meets the criterion: 

M 

in the case of direct proportionality between the test signal and the E3G concentration, or 

id* 2 

w [i] - 

in the case of inverse proportionality. 

Unprotected intercourse is avoided on the day the sufficiently elevated E3G concentration is detected, and for 12 
immediately successive days thereafter. 

If a sufficiently elevated E3G concentration is not detected before all of the tests have been used, unprotected 
is intercourse is avoided for 1 5 immediately successive days following the last test day. 

As a further fail-safe, the E3G peak (as hereinbefore defined) is used to record the day of ovulation in previous 
cycles, and the user is advised that the fertile phase has commenced if a sufficiently elevated E3G concentration is not 
detected prior to 3 days before the mean ovulation day. 

Conception does not occur. 

20 This example provides the benefit to the user that only a few tests are required per month. Manufacturing simplicity 

is also provided, because only one analyte (E3G) is assayed. 

If desired, the assay can be made more sophisticated, for example by enabling the event of ovulation to be detected 
by including urinary LH concentration data, and by pooling data from previous cycles, so that the abstinence period may 
be reduced further without increasing the likelihood of conception, as described generally hereinbefore. 



25 



Example 5 



This Example illustrates a combined LH/E3G assay according to the invention. The physical construction and meth- 
ods of manufacture of appropriate devices, including manufacture of reagents, are described in detail in EP-A-291194 
30 andEP-A-383619. 

The E3G latex is prepared by combining blue-coloured latex particles (mean diameter 380 nm) with an anti-E3G 
monoclonal antibody of affinity in solution of about 1 0 1 0 litres/mole. The antibody (170 \ig/m\) is mixed with latex particles 
(0.5% solids) in a sodium borate buffer at pH 8.5. vacant binding sites on the latex surface are blocked with BSA [25 
mg/ml]. The latex is then washed to remove non-adsorbed materials. 
35 The LH latex is prepared from an anti-beta LH monoclonal antibody adsorbed onto blue-coloured latex particles 

(380 nm). This process is carried out with an antibody to latex ratio of 1 00 u,g/ml to 0.5% solids in a sodium borate buffer 
(pH 8.5) containing ethanoi (ratio of 6 to 1 v/v), followed by blocking the vacant binding sites with BSA (25 mg/ml). The 
latex is then washed to remove non-adsorbed materials. 

A sheet (1.4mm thick) of commercially-available, detergent pre-treated, macroporous polyethylene having a pore 
40 size of about 100 microns is saturated with an aqueous suspension of equal amounts of both populations of the latex 
particles as prepared above, 0.008% total solids, in a Tris buffer at pH 8.5 containing 3% BSA and 1 % sugar. The sheet 
is freeze-dried and cut into portions each 6x12 mm, having a liquid capacity of about 50 u.L 

The solid phase strip on which the levels of E3G and LH are detected is nitrocellulose, of 8u. nominal pore size, 
bonded to a polyester backing sheet. An E3G-protein (ovalbumen) conjugate, and an anti-alpha LH antibody, are sep- 
45 arately plotted as lines onto the nitrocellulose at different locations (see Fig. 9) using solutions containing 2mg/ml of the 
respective reagent in phosphate buffer at pH 7.4. The nitrocellulose is blocked with PVA before being cut into strips. 

The above reagents are used in the assembly of an assay device as generally described and illustrated under 
embodiment 1 of EP-A-383619. 

Figures 9a and 9b of the accompanying drawings illustrate the device. 
so Figure 9a shows the strip 901 of nitrocellulose on a backing strip 902 of transparent polyester. The strip has a length 

of 40mm and width 6mm. Line 903 represents the position of the anti-LH antibody immobilised on the strip. This line is' 
approximately 1mm wide and is centred 10mm from the left hand end 904 of strip 1 . Line 905 represents the position 
of the immobilised E3G. This is also a line of about 1 mm width and is centred 16mm from the left hand end of the strip. 

Figure 9b shows the assembled device in cross-section. The device comprises a casing having an upper half 910 
ss and a lower haff 91 1 . A bibulous sample receiving member (wick) 91 2 protrudes from the left hand end 91 3 of the casing. 
The macro-porous body 91 4 containing the two populations of latex particles is in contact with the wick within the casing. 
The casing also contains the strip 901 and its associated backing sheet 902. Sample liquid applied to the sample collector 
912 can migrate via macro-porous body 914 into strip 901. The casing has an upper aperture or window 914 and a 
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6. A test kit according to claim 5, wherein said diffuse light is pulsed, and said electronic means is programmed to 
control said sensing means such that said sensing means only senses incident light in phase with said pulsed light, 
said light preferably having a pulse frequency of at least about 1 kHz. 

5 7. A test kit as claimed in claim 5 or claim 6, wherein said receiving means incorporates interlocking means (506) 
engagable with corresponding interlocking means (709) on said testing device to ensure that upon receipt of said 
testing device by said reader/monitor said detection zones are located and maintained in a predetermined spacial 
relationship relative to said sensing means, and preferably wherein said receiving means includes actuating means 
(504) triggered by said receipt of said testing device, said actuating means causing said reading of said detection 

10 zones to be initiated. 

8. A test kit according to any one of the preceding claims, containing a sufficient plurality of disposable testing devices 
to enable a user to conduct testing on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. 

15 9. A method of replenishing a test kit according to any one of the preceding claims, by adding thereto a replacement 
pack, containing a plurality, preferably not more than 12, and ideally about 7 to 10, of disposable testing devices 
preferably supplied with instructions to the user to use all of said testing devices during the course of one ovulation 
cycle. 

20 10. A method of monitoring the human ovulation cycle, using a test kit according to any one of claims 1 to 9, wherein 
testing is conducted at least once during the interval spanning days 1 to 7 inclusive calculated from the onset of 
menses, to establish a reference concentration value or signal for said second analyte in the current cycle, said 
testing is temporarily ceased, and then testing is conducted at least once, preferably daily, during a period of days 
commencing at least 5, preferably at least 6, numerical days in advance of the mean numerical day on which actual 

25 ovulation has ocurred over one or more previous ovulation cycles in the same individual subject, second analyte 

concentration values or signals obtained during said period of days being compared with the reference concentration 
value or signal to determine whether a concentration change indicative of imminent ovulations occurring or has 
occurred since the previous test. 

30 11. A method according to claim 10, wherein said concentration reference value is established from test(s) conducted 
on day 5 and/or day 6, preferably just a single test conducted on day 6. 

12. A method according to any either of claims 10 or 11, wherein the body fluid is urine and the second analyte is 
estradiol or a metabolite thereof, such as E3G, and wherein a significant difference between the second analyte 

35 reference concentration value [r] and a test value [ij, indicative of imminent ovulation, is taken to be: 

,.5*13*2.5 

in the case of direct proportionality between the test signal and analyte concentration, or the inverse in the case of 
inverse proportionality between the test signal and analyte concentration. 

40 

13. A method according to claim 12, wherein the analyte is E3G, and the significant difference in E3G concentration [i] 
indicative of imminent ovulation is taken to be: 

10*2 
M 

45 in the case of direct proportionality between the test signal and E3G concentration, or the inverse in the case of 

inverse proportionality between the test signal and E3G concentration. 

14. A method according to any one of claims 10 to 13, wherein the body fluid concentration of LH is determined to 
identify the actual ovulation day in the current cycle. 

so 

1 5. A method according to any one of claims 1 0 to 1 4, wherein the end of the fertile phase is declared from knowledge 
of the LH surge in the current cycle, preferably wherein the end of the fertile phase is taken to occur on the fourth 
day following LH surge detection. 

ss 16. A method according to any one of claims 10 to 1 5, wherein the start of the fertile phase is declared if the expected 
significant change in second analyte concentration has not been detected prior to at least 2, preferably at least 3, 
days before the numerical day in the current cycle on which actual ovulation is predicted to occur, based on knowl- 
edge derived from first analyte concentration measurements obtained in one or more previous cycles. 
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17. An assay device for use in the determination of two or more analytes in a single sample liquid, such as urine, at 
least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten, and 
therefore not determinable readily by means of a sandwich-format binding reaction, the device comprising, prefer- 
5 ably within a protective casing: 

a) a strip (901) of porous material along which sample liquid can migrate; 

b) two or more detection zones (903, 905) at least one per analyte to be determined, on said strip, located 
10 downstream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first analyte, 
and 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 

c) two or more populations of particles, located upstream from said detection zones, capable of migrating 
20 through said strip with said sample liquid, of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
binding agent also present in the device and which can participate in a sandwich-format reaction with said 
first analyte, and 

25 

ii) at least one other population carries a binding agent specific for said hapten; 

the presence of said first analyte in said sample liquid leading to binding of particles in said at least one detection 
zone in an amount directly proportional to the concentration of said first analyte in said sample liquid, and the 
30 presence of said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other 

population in said other detection zone in an amount directly proportional to the concentration of said hapten in said 
sample liquid, the detection zone containing the immobilised hapten or immobilised hapten analogue being prefer- 
ably sited downstream from the detection zone associated with the first analyte. 

35 18. A device according to claim 17, wherein said second detection zone is downstream from said first detection zone. 

19. A device according to claim 17 or claim 18, wherein said first analyte is luteinizing hormone (LH). 

20. A device according to any one of claims 17 to 1 9, wherein said second analyte is estradiol or a metabolite thereof, 
40 suchasE3G. 

21. A device according to any one of claims 17 to 20 wherein the particles are latex particles, preferably coloured. 

22. A device according to any one of claims 17 to 21 wherein the affinity of the anti-hapten specific binding agent is at 
45 least about 10 9 , preferably about 10 10 , moles/litre. 

23. A method of determining the presence and/or concentration of two or more analytes in a single sample liquid, at 
least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten, and 

so therefore not determinable readily by means of a sandwich-format binding reaction, which method comprises the 

steps of: 

a) providing a device comprising a strip of porous material along which said sample liquid can migrate, the strip 
having two or more spacially distinct detection zones, at least one per analyte to be determined located down- 
55 stream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first analyte, 
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and 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 

s 

b) providing two or more populations of particles capable of migrating through said strip with said sample liquid, 
of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
10 binding agent which can participate in a sandwich -format reaction with said first analyte, and 

ii) at least one other population carriers a binding agent specific for said hapten; and 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said 
is sample liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of 

particles in said at least one detection zone in an amount directly proportional to the concentration of said first 
analyte in said sample liquid, and the presence of said hapten in said sample liquid leading to a reduction in 
binding of particles of said at least one other population in said other detection zone in an amount directly 
proportional to the concentration of said hapten in said sample liquid, the detection zone containing the immo- 
20 bilised hapten or immobilised hapten analogue being preferably sited downstream from the detection zone 

associated with the first analyte. 

24. A method according to claim 23, wherein said second detection zone is downstream from said first detection zone. 

25 25. A method according to claim 23 or claim 24, wherein the extent of particle binding in each of said detection zones 
is determined by measuring the extinction of electromagnetic radiation, such as light, when transmitted through the 
thickness of said strip. 

26. A test kit for monitoring the fertility status of the human ovulation cycle and providing a user-with an indication of 
30 the fertility status, comprising: 

i) a plurality of assay devices according to any one of claims 17 to 23; and 

ii) an electronic monitor comprising: 

35 

a) reading means for reading one of the assay devices; 

b) information processing means for determining from said assay device reading, sample liquid concen- 
tration values for said at least two analytes; 

40 

c) information processing means and memory means for deriving from said concentration values and from 
previously-derived concentration values an indication of the current fertility status of a human subject under 
test; and 

<5 d) display means (433, 434) for communicating said current fertility status to a user of said electronic device. 

27. A test kit according to claim 26, wherein said electronic device comprises receiving means (442) for receiving said 
assay device, said reading means being located within said receiving means, and wherein reading is achieved by 
optical transmission through said assay device when received by said receiving means. 

so 

28. A test kit according to claim 26 or claim 27, wherein said display means comprises one or more light sources which 
provide a coloured signal to the user, a variation in fertility status being indicated by a colour change. 
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